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ABSTRACT 

Because mathematics and gender (sex) is a research 
area of increasing international interest, a worldwide survey about 
research concerned with special problems of girls and women when 
learning mathematics was conducted. Reports included in this document 
were submitted from Australia, Canada, Dominican Republic, England 
and Wales, India, Ireland, Israel, New Zealand, and the United 
States.. Points considered in the reports include the general interest 
in the topic in each country, research concerns (variables other than 
sex examined, theoretical frameworks of the research, activities ^ 
r e s ul t i ng f rom t he r esear c h such as programs to increase females ' 
achievement/interest), disqussions/developments on the topic, and 
situations unique to each country. Highlighting information received, 
it appears that: (1) in most countries the topic is not a central 
subject of empirical research, although there are some indications 
that as interest arises, its importance is recognized and. leads to 
research; (2) the United States, followed by England/Wales, is far 
ahead of other countries in research on mathematics and gender;, and 
(3) that different research strategies are used to understand 
sex-related achievement differences as explained J>y sex role 
perceptions, personality traits, and differentiated interaction 
processes. References, including articles and documents published in 
countries participating in the survey, are included. These include 
background papers, research reports, project information, and 
teaching suggestions. (Author/JN) 
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I . Introduction* 



Erika Schi|dkamp-Kundiger 
% . Universitat des Saarland^s 

« V. Federal Republic of Germany * 

• • • • 

/ Mathematics and gender is a research area>of increasing international - 

' interest . This is one of the outcomes of the 4th International Conference of 
Mathematics Education (ICME IV) -ir> Berkeley, August'1980. Moreover, the 
conference showed frTSTthere are great differences between countries in 
reqard to the theoretical backg/ound of empirical researches and in regard* 
'to their quantity. It appeared necessary t 9 have a worldwide survey about 
' research concerned .with special, problems of girls and women when learning 
mathematics. .* , 

Encouraged* by Kenneth J, Travers, Chairmajn of the International 
Mathematics Committee for the Second IEA Mathematics Study, University of 
Illinois and by Marilyn N. Suydam, Associate Director, ERIC Clearinghouse 
for Science, Mathematics and Environment Education, Ohio State University 
I started "to prepare this survey. I th 3 nk both of them for their support 
in gathering the information and publishing this survey. 

Research workers from more than 20 countries were asked to send 
reports 'about the situation in their countries. Nine reports were received - 
from the following countries: 

• Australia 
•Canada 

• Dominican Republic 1 

• England and Wales 

• India 

• Ireland 

•Israel • 

• New Zealand 

• United States of America 

' This is not an overwhelming number of replies. The correspondence^ 
shows one main reason for this fact: in many countries there are no re- 
searches of interest on the subject. This was" reported specifically by: 

. . C. Brusselmans-Dehairs,' Rijks University, "and G. Henry, Univer- 
sity of Liege, for Belgium, 

Paavo Malinen, University of Jyv'askyla, for Finland, 

W. J. Pelgrum, Technische Hogeschool Twente, for the Netherlands. 



*Part» of this article go back to presentations at the 4th International 
Congress on Mathematical Education, Berkeley, U.S.A. 1980 and at the 
conference: Comparati ve Studies of Ma thema^s_^riajla - Chjn^e__a_nd 

Stabili ty 196 0 -1980 , OsnaFruck (West Liermany) (Steiner, 1980). ( 
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The information coming frorp Belgium indicates that at least some per- 

• sons are aware of the problem area. It is reported that in the upper 
secondary level girls choose less ambitious mathematics courses than boys. 
In interviews, members of the inspectorate and constructors of curriculum 

- globally explain the^course-taking behavior of the girls as a result of their 
sex-role perceptions^- It is Hoped that the Second International Mathematics 
Study will bring along further insight.. 6 ^ 

From ' the Netherlands' one item is reported that might lead to change in 
the near future. In, 1981 there was a discussion; orglpized by a group /of 
% female mathematics teachers, concerned with mathematics and geftder. 
There were two starting points: 

a) In a final examination of interest, the percentage* of boys who : 
* chose mathematics las subject pf "examination was much higher than 

, that of girls. • " ' * ' ' * ' 

b) The proportion of female mathematics teachers is. only 9 percent. 
It came out of the discussion that investigations analyzing the 
background t are earnestly requested. * 

« 

At this point I want to stress that the non-existence of relevant empir- 
ical studies does not necessarily mean* that there is no interest in the 
subject. x The existence of empirical investigations about mathematics and 
gender may be influenced by the degree. to which empirical research is seen 
as an adequate research strategy in the field of mathematical education in 
general. As there is no systematically gathered information about the state 
of empirical research .concerning mathematical, education in general, the 
importance of the argument cannot be checked for the individual countries. 
As an essential point; it is explicitly stated in the report about Ireland and ' 
^is correct for West Germany, too. 

Besides' the absence of relevant researches, a further reason holds in 
some cases. Some persons interested in waiting the report miscalculated 
thei> time, so that they could not follow the timetable. This reason holds-, 
for example, for West Germany; that is why I will add some items concern- 

* ing this country in the introduction. 

Besides the reports, this survey contains international references, to 
enable the reader 'to find* the original publications easily, to the end that 
further research is stimulated and facilitated. • Obviously, there is an 
extre ne need for this. The references givfen in the, reports are included in 
this survey. 

In ord^r to get a differentiated picture of the state of research and to { 
get reports focussing on the same .items, the following outline of points that 
should ^be considered in. the reports were sent to those 1 persons interested 
in doing this job: > 

1) Please describe the general interest in the* topic 'gender N and 
mathematics' in your country. Does it play «:) central role in the 
scientific discussion and/or in discussions in magazines and news- 
papers? Which groups are interested in the topic {e.g., re- 
searcher of mathematical education, psychologists, women's libera- 

•, • , " " . 
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tion movement) and -what is the gerteral background of this inter- 
est (e.g., psychologists may bfe interested in sex-di/ferences, 
mathematics teachers in learning difficulties)? 

' * 9 

i 2) Primarily we are interested in empirical researches and their re- 

v . suits. Here are some aspects that 'should be considered in sum- 

marizing the types of empirical researches. 

aj Is 'sex 1 a variable that is only considered, in the way that, 
e.g., results in mathematical achievement tests are reported 
. * by sex, differences are stated and are globaMy explained, by 
' .sex-role-perceptions or differences In (inherited) ability; or 

are there no' s6x-related differences in achievement and 
attitudes? , / 

b) Are the researches embedded in theoretical frameworks 
" t (e.g., a learning theory concerned with sex-role-learning) 

and which are the critical variables in the models (e.g., 
parents 1 and teachers 1 expectations about sex-role)? Does 
the theoretical framework imply that differences can be" 
altered (e.g., if you believe that inherited factors cause the 
differences, you cannot alter them; if you have concrete 
ideas how sex-role-perceptions are learned by children and 
if you believe that the linkage of mathematics to sex-role- 
perception is essential for lesser achievement of girls in 
mathematics, you have the chance to alter the situation)? 

c) Did the results of the empirical researches initiate further 
activity (e.g., are there any programs to increase the 
interest and achievement in mathematics in general or in 
special for girls and women .such as new courses, in-service 
projects) and have they reached their goals? 

3) It may be \ that the topic 'mathematics and gender 1 is not con- 
sidered in empirical researches or that outside these* researches 
there is a discussion about this topic. What are the viewpoints 
under which the discussion -is held and to what end/(e.g., is the 
intention to alter curricula)? 

i\) . It may be that there has been a development in the aspects under 
* which the topic 'women and mathematics' is considered . in your 

country. Please describe this development and give some ideas 
/ about the future development. 

m ' 

5) Please^ give us a list*of publications 'that have been written in 
your country. . 

6) If the abibve stated aspects do not at all fit-the situation in your 
country, please give us an idea about * hi s special situation. 

Looking through the ^reports at hand, it is evident^that in the U.S.A. 
the state of research is far ahead, followed by England and Walds. There 
is a respectable qap between these and the other countries. Australia, 

<t 

*• « 
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' Canada Israel and New Zealand can be grouped together as countries m 
which some research has been carried out; although there are differences 
' between' them'. In this group West Germany' can also be classified. Ireland 
and the Dominican Republic seem to be on the brink of. starting research 
India holds a special position. Sundar reports that this country sees itself , 
confronted with the problem to raise the effective literacy rate, which is 
less than 40% for men and less than 20% for women. .Therefore not tne 
topic 'gender and mathematics' is of interest but 'gender and education 
' Sundar focuses on the latter, and describes what has been undertaken to 
close. -the gap between the education of men and women. 

* . The "fact that 'mathematics and gender' is an important subject of 
scientific research in the U.S. A, was essentially initiated, by the women s 
liberation movement. As mathematical competence was identified as a critic - 
skill directly related to- admission to many colleges and most professional 
occupations in both technical and non-technical fields, there was increased 
attention to the evaluation of achievement differences m order to increase 
the educational and occupational choices of women. Th ; is motivation came 
together with a public demand for mathematically qualified people. The 
relevance of the problem area was recognized by the scientific community. 
Tin' result is, as comes out of the report by Becker, that not only detailed 
' information is available, whether achievement differences between boys and 
qirls exist, but also 'there are many extensive investigations starting from 
different theoretical backgrounds. They focus on explaining not only, 
achievement differences -« that do not appear as often and as consistently as 
often- thought - but \al*o course-taking behavior and Career plans. More- 
over the topic is more and more looked upon as being a special aspect of 
learning problems' in mathematics in general. As a result, ac .vit.es to 
increase interest and achievement i'n mathematics, (e.g., the so-called Math 
Clinics' -(Tobias, 1977, 1978)), are not only directed to one sex but to both 
women and men-having failure experiences in the subject matter. , 

In England and Wales, as in theU.S.'A., groups interested In mathe- " 
matics and gender include mathematics educators, psychologists, sociologists, 
and feminist groups. Although in England and Wales there do not exist by 
far as many empirical investigations concerning our subjec/ as in tne 
USA those that are reported by Isaacson demonstrate a complex theoret- 
ical 'background. In recent years, researches were mainly interested in the 
fopic Igender and sciences', as in 'this subject the learning possibilities are 
not the same for girls and boys: The deeper knowledge that came out of 
• these investigations "has hall the effect that, first of all, the linkage be- 
tween the learning of mathematics and sciences is stressed. FTy now tnere , 
has been a rise in the'number of projects considering causes of sex-relate 1 
achievement differences in mathematics that are not directly related to those - 
in •sciences. . 

, / The -discussion and the research activities in the U.S.A. had and have 
, a worldwide Influence. The reports about, Australia Canada Israel and ^ 
New Zealand written by Shelley, Murd, Lewy, and Wily indicate increasing 
attention to 'mathematics and gender' that is stimulated mostly by those 
people concerned with equality for women .lit the different countnes. 
Statistics are available and some researches considering - special aspects aa 
at hand. Investigations starting from an elaborated theoretical background 
ar,< rare. * I got' the impression that the state of research in Australia is 
similar to that 'in Canada and Mew Zealand, and it may be tne most ad- 

« 
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vanced of these countries. Shelley reports some* investigations considering 
not only personality variables (like attitudes) as possible causes of achieve- 
ment, but also teaching methods. Moreover, in another project, an alter- 
native approach for teaching mathematics is evaluated. 

* I mentioned already that the state of research in West Germany is to a 
certain degree comparable to one of the just-named countries. About 1969, 
I started to be engaged in understanding achievement differences between 
boys and girls. At that time, there were only very few empirical studies 
carried out on this topic, in West Germany. The theoretical background 
from which I started my research work (Schildkamp-Kundiger, 1973 197'0 
is deeply influenced by the results of Fuchs (1957), Lesser et-al. (1 963), 
and French and Lesser (1964) that explain sex differences in the develop- 
ment of achievement striving. 

The- scientific results from overseas also influenced activities in West 
Germany. More often books written by psychologists were published, 
having sex-related differences for subject. Most of the books start from 
the viewpoint that many, of these differences are caused by stereotypes 
(e.g., Wagner et al., 1978). In an interdisciplinary working group 
(Bram'er, 1 976), the socialization effects of learning mathematics and natural 
sciences' were analysed. Moreover, mathematics and gender was discussed 
in connection with affective learning goals that go together with the learn- 
ing of mathematics (e.g., Schmidt, 1976). 

Parallel to this development, empirical methods as a possibility of 
evaluating questions of mathematical education were increasingly discussed 
and partly accepted. Some empirical studies, influenced by American re- 
search, were carried out on selected topics, e.g., sex-typing in mathe- 
matical' schoolbooks (e.g., Clotzner, 1 979). ^ 

From presentations of my research at conferences, I got the impression 
that there is some interest in the topic but that 'mathematics and gender' is 
surely not a cei*tcal area of discussion. In the last meeting, the relative 
high rate of unemployed women was discussed. It is recognized that only 
very few women hold leading positions in industry 'and at the university 
and, moreover, that they mostly work in areas typically classified as female. 
As a result, girls should be encouraged to strive for occupations that at 
the moment are a domain, of men. Maybe this discussion will lead to an 
increasing interest in the research area 'gender and mathematics' in the 
future. 

In the Dominican Republic and Ireland very little information»dealing 
with our topic is available. Luna and Gonzales report that in the Dominican 
Republic nearly all data come from pilot studies carried out in connection 
with the Second IEA International Mathematics Study. In these studies it 
was tested whether the instruments developed by the International Mathe- 
matics Committee to measure achievement in different mathematical areas are 
appropriate for students- in this country. By nature the results are mainly 
descriptive and preliminary. Until now no hypothesis that leads to an 
explanation of achievement differences that seem to be in the favour of male 
students' has been tested. It is hoped that some results will be available 
by an investigation planned in the near future. 
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The report from Ireland, written by McGuiness and Oldham, demon- 
strates increasing interest in the subjec£ area. To an essential part the 
motivation grows out of an increasing demand for mathematically qualified 
people and the growth of the women's movement. The situation in Jreland 
has to be seen with the background that it is only ten, years ago that the . 
last official constraints and concessions on women's participation in mathe- 
matics courses were removed. The authors analyze the historical back- 
ground for this and give a hopeful picture for the future. Thefgathering 
of information about girls' participation and performance in mathematics 
courses has started. As the statistical approach is more and more accepted 
as an adequate research strategy, the time seems to be ripe for investiga- 
tions that look at the reasons. 

Summarizing the information received, I must conclude that in most 
countries 'mathematics and gender' is not a central, subject of empirical 
research. Nevertheless, there are some hopeful indications that once inter- 
est arises the importance is recognized and leads to research. In many 
cases the relevance of the subject matter is not primarily seen by those 
persons engaged in mathematical education but by those striving for equal 
opportunities for women. 

There are great differences between the countries in the. extent to 
which sex-related achievement differences occur; if they occur, they often 
are in favour of men; but within a country they are not consistently found 
at different school levels. As a single example, I want 1 to pomt out that, 
in England and Wales at the age of 1 1 , the achievement of girls is higher 
than that of boys and the passing mark to get a place at a grammar school 
is higher for girls. 

Already in the first International Study of Mathematical Achievement 
qrea't variability of achievement differences was found (Husen, 1967; Keeves, 
1973). Concerning the extent to which the achievement of boys exceeds 
that of girls, Keeves (1973) summarizes: 

The range of differences across countries is too great for a 
simole explanation to be advanced as to why such sex differences 
should have been observed. Furthermore, no combination of 
factors, operating together, comes readily to mind. Nevertheless, 
it is dear from this evidence that girls tend to be less well 
prepared to enter occupations and careers that require a prior 
knowledge of mathematics and science. To this extent inequalities 
between males and females are built into educational systems, (p. 
57). 

Looking at the reports and the references, I found that different 
research strategies are used to come to a better understanding of sex- 
related achievement differences. Roughly three characteristic approaches 
can be identified: 

a) Achievement differences are explained by sex role percep- 
tions. 

c 

b) Achievement differences are explained by differences in 
personality traits. 

erJc i., 
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c) Achievement differences are the results of a differentiated 
interaction process of environment and personality variables 
between which cognitions bridge the gap. 

These approaches will be briefly described so that their possibilities 
and limitations become evident. Since most of the empirical studies are 
carried- out in the U.S.A., I mostly refer to results from this country. 

a ) Sex rofe percep tions . 

In many countries, mathematics is widely looked upon as being a male 
domain and thus engagement in mathematics becomes part of the ma e sex 
role. 'To explain the learning of the sex role, all general psychological 
theories explaining change of performance can be considered: psycho- 
analytic theories based on Freud;" stimulus response-theories, social learn- 
ing and modeling; cognitive learning theories. These approaches not only 
give models of how sex roles are learned, but they also try to explain what 
has happened when not-sex-appropriate behavior appears. 

In speaking of sex role, one might forget that sex role is not a set of 
w^ll-defined habits that govern the behavior of an individual and the be- 
havior expectations of others, but that sex role is a concept, the per- 
ceptions of which differ not onl/ between persons but also within a person 
deoending on situations and personal development. Misconcepts may cause 
the concept 'the sex role' to be used quickly as a global explanation for 
sex-related differences without trying to get a deeper understanding (e.g., 
girls are not interested in mathematics because mathematics belongs to the 
male area) . 

' The reports in this survey indicate that there is great empirical evi- 
dence supporting the hypothesis that, if mathematics is accepted by a 
woman to be a male domain, then this explains, at least to a great extent, 
her inferior achievement, course-taking behavior, and career plans. 

When a child perceives a school subject as appropriate for his or her 
own sex this influences most the achievement in this subject, more than 
liking the subject or even whether the child is male or female (Dwyer, 
1974). Obviously, it is of great relevance what is looked upon as "sex-role 
adequate behavior" in our cohtext, especially sex-role adequate achievement 
behavior. 

To what degree a girl has adopted the concept that mathematics is a , 
male domain significantly depends on the sex-role conceptions of her en- 
vironment. Casserly (1975a) and Fox (1977) extensively report studies that 
demonstrate the influence of parents, peers, and teachers. In this context 
also the researches on sex-typing in mathematical school books have to be 
seen. 

Sex-role perceptions differ not only from country to country and 
between individuals, but there is an individual development over time. By 
entering new situations, people develop variations of their sex roles as they 
grow older. If a woman enters an area looked upon as a male domain, she 
may redefine her activity as suitable for the female role (Stockard and 
Johnson, 1 980) . 
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The question occurs as to whether mathematics has always been looked 
upon as being related to the male domain. Perl (1 979) tries to get an 
answer for this question by analysing the "Ladies' Diary" , one of the first 
popular magazines that appeared in England from 1704 to 1841 . She con- 
cludes that in the late 17th and early 18th century, women were not con- 
sidered less capable of learning mathematics than men. In the 18th through- 
out the 19th centuries the attitudes towards women changed y they were 
looked upon as weaker, and less capable of engaging in intellectual areas 
like mathematics. Perl sees the stereotype of mathematics as a male domain 
as an effect of changing social roles in the 18th century, accompanied by a 
growth of mathematical knowledge that necessarily presupposes intensive 
training. 

■ • -' 

Coming back to the present. Fox (1977) suggests that the sex-typing 
of mathematics is not as°" prevalent as it once was. 

b) Perso ^lity traits 

The explanation of behavior by personality traits has a long tradition 
in empirical research. In our context I only mention two aspects: intelli- 
gence and attitudes. It is a common concept that ability on the one side 
and attitudes and interests on the other side explain together a great deal 
of a student's achievement. 

Starting from factorial models of intelligence, it seems reasonable to 
try to find intelligence factors relevant for mathematics, and after that to 
look and see if differences in achievement can be explained by differences 
in these factQrs (e.g. , Aiken, 1971; Treumann, 1974). Problems arise as 
there obviously do not exist two or three well-defined factors related to 
achievement in mathematics. 

Sex-related differences appear relatively consistent in spatial visu- 
alization and verbal ability, the former in favor of men and the latter in 
favor of women. Becker reports findings from the U.S.A. which do not 
support the idea that sex-relateH achievement differences can be explained 
by differences in spatial visualization. 

There is one further reason why 'spatial visualization' standsr at the 
centre of some discussions. Some researchers believe in the X-linked 
hypotheses of the inheritance of spatial visualization. As Sherman (1977) 
has pointed out, only weak empirical support can be found fo£ this. I hope 
that the unfruitful quarrel about how far inheritance and environment are 
determinants of intelligence will not start again, taking spatial visualisation, 
for example, to explain differences in sex-related mathematical achievement. 

The first IEA~study gives a good survey about the relation between 
attitudes and achievement (Husen, 1967; Keeves, 1973). In most countries 
and age levels, boys show a greater interest in mathematics than girls 
(Keeves, 1973, p. 59). Moreover, an analysis of variance shows that there 
is a significant effect between countries and between sexes and a significant 
interaction for the lower secondary school populations and for the mathe- 
matics specialists (Husen, 1967, Vol. II, p. 245). $ 
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The idea that ability and attitudes together explain a great deal of 
student achievement does not, in this generality,- resist empirical check 
(Suydarn, 1975). Besides a better definition of which attitudes are con- 
sidered (e.g., liking mathematics, believing it is important), a more elabor- 
ated theoretical framework is needed linking attitudes and achievement. 

It comes out of the reports that perceived usefulness of mathematics 
and the self-esteem of one's mathematical ability are aspects that may help 
to understand differences in achievement and in course-taking behavior. 
This becomes understandable in a broader theoretical context, in the center 
of which is a cognitive view of the achievement motive. Only if an area is 
achievement-relevant for an individual will he or she make efforts to reach 
an achievement goal. Achievement striving is embedded in .overarching 
projects such as the desired profession. Special sex-role perceptions can 
cause a girl to perceive mathematics as a non-achievement-relevant ^rfea. 

c) Dif feren ti ated interaction processes 

The more information available about the occurrence of sex-related 
achievement differences, the more 'grows the demand for models that give 
explanations coming out of broader theoretical backgrounds. This demand 
can be recognized not only in our context, but in education in general 
(Travers, 1969). I believe that many empirical results become clearer when 
the learning of mathematics and its sex-typing is related to a cognitive view 
of the achievement- motive. I am going to describe,;: this conception, in. the 
course of which I only give a selected number As'f references that demon- 
strate its consistency with empirical results. 

During mathematics lessons, pupils have to solve tasks (achievement 
situation) that, especially in mathematics, are looked upon as intellectual 
problems. The relevance which intellectual achievement is given brings 
' about the situation where failure may burden the individual pupil with not 
having reached the standard of performance the school and the society has 
set. A young girl sees herself confronted on the one side with the intel- 
lectual achievement norms of the school, on the other side with sex-role 
perceptions that may be in contrast to the school norms. Heilbrun (1963) 
verified that some female students already perceived the general intellectual 
demands of a college as being incompatible with their female sex role. As a 
consequence of the " sextyping of mathematics, mathematically gifted girls 
may fear negative consequences for their relationships with boys when 
accelerating their progress -in mathematics (Casserly, 1975; Fox, 1976; 
Fennema and Sherman, 1977). 

Stein and Bailey (1973) discuss studies concerned with the achievement 
notivi of women. As for the effects of sex role on female achievement 
striving, there is empirical evidence that attainment value for a given area., 
of achievement is a good predictor of both female efforts and performance. 
Schildkamp-K'undiger (1 974) found that girls having lower achievement h 
mathematics than would be predicted on. the basis of their intelligence 
(underachieves) see intellectual achievement as appropriate for men only; 
whereas female mathematical overachievers believe intellectual achievement to 
be suitable for women, too. The persistence a student develops to naster 
learning difficulties on the one hand depends on his or her experience with 
the efficiency of the efforts and on the other hand on the relevance the 
subject matter has for the student (Raynor, 1 974) . 
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This becomes obvious - as already mentioned - by the importance that 
the variable 'perceived usefulness of mathematics 1 has for achievement and 
course-taking. The conflicts caused by sex-role perceptions that may arise 
for a young woman in 1 developing career interests in general and especially 
in mathematics and scientific fields are discussed by Fox (1977). 

If a student has not reached the antecedent achievement goals, this 
has two different impacts for the learning processes to come: 

Firstly, a more subject-matter directed one:, the student's defici- 
ency lessens his or her chance of reaching the following goal 
because of the fragmentary antecedent knowledge. Accumulating 
deficiency will appear, the more the subject matter is hierarchical 
in nature and is taught in this way. 

Secondly, a more motivational directed one that can be described 
when cognitive achievement motivation models (Heckhausen, 1974; 
Corlitz a.o. 1978) . are adopted to school situations (Fuchs, 1975; 
Kornadt, 1975). It is assumed that during the years at school a 
student has developed a subject-matter related achievement motive 
associated with a self-concept of his/her abilities and causal 
attributions of success and failure (e.g., good luck, efforts, 
ability, easiness of the task) . x 

Failure can lead to different reactions; it is possible that the student 
makes more- efforts to compensate for the deficiency and,- if thesa efforts 
lead to success, the learning potential for the next learning steps is streng- 
thened and the achievement motivation, too; if tire efforts fail and if this 
occurs over and over again, a failure cycle is settled (Shapiro, 1962). The 
negative motivational development and the lack of knowledge relevant for 
the next learning step are affecting each other. In analogy to this failure 
cycle, a success cycle can be developed. The . developmental process leads 
to certain types of students (Schildkamp-Kundiger, 1982); the extremes may 
b.i characterized as: 

the achieve ment motivated student: good knowledge; positive 
^iT-esteenT of his or~Tier mathematical abilities; success will be 
attributed to his or her own ability and efforts, failure due not 
to lack of ability but to internal or external variable causes, 
e.g., lack of efforts or bad luck; and 

the fear-to-fail student: poor knowledge; negative self-esteem of 
TJs~or"TieV matKer' tfcal abilities; success in mathematical tasks is 
not attributed to ability but primarily to external reasons such as 
good luck and easiness of the task, failure to lack .of ability. 

Sex differences in self-confidence in mathematics are found, as already 
mentioned, in quite a few of ' the studies noted in the reports. There is 
some evidence that women, having a more traditional sex-role perception in 
intellectual achievement situations, show an attribution pattern and have a 
self-esteem of their ability similar to the fear-to-fail student (Stein and 
Bailey, 1 973; Deaux, 1976). 
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The development of a student's self-concept of his or her mathematical 
abilities and his or her causal attributions is a process which is remarkably 
influenced by the teacher, seen as a "significant other." By direct or 
indirect causal attribution of the achievement results of a student, the 
teacher delivers information to the student about the achievement standards 
th.> student can or should reach, and by this influences the self-concept 
and attribution of the student. For example, if a student has success in 
solving a problem and the teacher reacts: "It's very nice that you gave us 
the right solution, you worked well at home, but .the question was not so 
very difficult", this may mean that the teacher thinks that the student is 
not very able (the teacher praised the student for solving an easy task) 
-and that the student could only give the right solution because he or she 
made great efforts. It can easily 'be assumed that a girl will make no 
special efforts to solve a mathematical problem when the teacher gives Her 
the information that she is not expected to be successful because of lack of 
ability or because mathematics is not appropriate for her. 

There are quite, a few empirical studies showing that the teacher- 
student interaction is different for boys and girls (e.g., Brophy and Good, 
1970; Sikes, 1972). For mathematics classes, the study of Becker (1979) 
demonstrates the way in which the different teachers' expectations based on 
sex for student performance and behavior are transformed into a sex-based 
interaction pattern. 

In relating the area 'mathematics and gender' to the development of 
achievement striving, the topic is related to learning difficulties in mathe- 
matics in general. In this context the theoretical background just briefly 
described has to be enlarged by a further aspect that is the teaching 
method. The complexity of this aspect becomes obvious in Travers et al. 
(1977). It comes out of the reports" that only very little information is 
available relating 'pupils' motivational and cognitive presuppositions to teach- 
ing strategies, so that at the moment no theoretical model can be proposed. 
Research that leads to an explanation about the mutual dependence of 
teaching strategies and pupils' development of the denotative and connota- 
tive meaning of mathematical concepts is badly needed. It seems reasonable 
to assume that these meanings of mathematics may or may not be in contrast 
to the personal value-system held by a pupil and. by this essentially in- 
fluence the learning process. 

It can be stated that in the near future there will be progress in our 
knowledge about the relations between teaching strategies, motivational 
variables, and learning' outcomes, and to what degree these relations help 
to understand sex-related achievement differences. These variables are 
considered in the Second International Mathematics Study. 
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Gender and Mathematics in Australia 

v 

r t 

Nancy Shelley 
Canberra 

Intr od uction 

This report concerning gender and mathematics in Australia must be 
seen only as an interim report and in no vyay a comprehensive one. There 
are two main reasons for this. Firstly/ there has been an upsurge of 
interest in the subject in recent years and many individual projects are 
being conducted in several states and territories of Australia, while at the 
same time there has been no systematic collection 'of thefavailable informa- , 
tion. Secondly, in the time availably to me it has been impossible to make, 
more than a beginning in attempting to obtain the information that is avail- 
able, -and much of the information needed to make an adequate report is not - 
available. » 

While there has been limited interest in the subject of girls/ women and 
mathematics for nearly a decade in Australia among classroom teachers and 
some mathematics educators, the tremendous .rise in interest has gained 
impetus from the concern of women, largely outside the area of mathematics, 
and, , more particularly, from the continued publication of the figures of 
unemployed persons in this country. The latter has had a very significant 
impact upon- the -subject of girls/women and mathematics when it has been v 
evident that unemployment among young females is the- highest of any 
section of .the unemployed. 

In February 1979, 23.5 percent of females in the age-group 15-1 Q 9 were 
unemployed, compared with 18.7 percent of males. between August 1970 
and August 1979, the number of teenage males holding full-time. jobs fell by * 
8,200 and the number of . teenage females holding full-time jobs declined by 
71 ,000. T,his is a 26 percent decline for females and a 3 percent decline - 
for males.- 

* t 

As reasons have been sought Vor the greater number of young females 
unemployed as compared with young males, it has been evident that the 
sex-segmented labour market, with its assumptions about men's work and 
women's work, has had a large effect. This in tarn has affected, and been 
affected by, the limited choice of subjects which girls- have tended to study 
at the secondary level, and, in particular, their opting out of the study of 

mathematics. * 

W * 

In this way entry to, a large number of career possibilities .has been 
prevented, and the narrow field where women have traditionally worked has 
been perpetuated. Another factor which has caused concern is that these 
limited areas of female employment are threatened by technological changes. 
The recent Report of the. Committee of Inquiry into Technological Change in , 
Australia (The Myers Report, *AGPS, Canberra, 1980, vol. 1, 5.121) 
st.ited bluntly that "women are disadvantaged -by thejr education as„well as 
by their jobs at risk." • 

Another difficulty that is faced in making any real assessment of the 
situation in relation to girls/ women and th»» study of mathematics is the 



ERJC 



inadequate collection of data in the several , states and territories; moreover, 
there is no standardisation of procedures which would facilitate comparisons 
across States, when and where information is available. Consequently 
moves have been made to impress the importance .of such data collection 
upon the appropriate authorities. However, there is some doubt whether, 
in the present financial climate, funds will be allocated to implement such 
recommendations. ' 

Among researchers in education and mathematical education and some 
psychologists there has been an increased^ interest in the subject,, with a 
corresponding rise in the number of research projects. Some of these have 
deliberately set out to study sex differences; others have 'stumbled upon 1 
differences in the course of a study. 

Many of the writers of papers for conferences rely heavily upon over- 
seas findings, Either in their surVfey of the literature or to highlight the 
situation as they see it. Whether or not such overseas studies are appli- 
cable in the Australian context is only recently being attended, with an 
increasing number of studies being conducted to attempt to replicate thpse 
overseas findings. However, by far the majority of papers presently avail- 
able attempt to*draw together the several findings of work done particularly 
in the U.S. and the U.K., and seek to jnake known to Australians that 
there is an issue here which needs attention. 

Sociol ogical Studies 

In November 1975, a Study Croup of the Schools Commission published 
its report, entitled "Girls, School and Society." This report has had a 
considerable influence on future enquiries and, indeed, has set a standard 
by which movements towards the achievement of equal opportunity in our 
schools and in society can be measured. 

* In the Foreword to, "Girls, School and Society" it is written: "Equality 
of opportunity cannot be achieved where the forces acting on all girls, 
irrespective of social cISss or ability, cause them to have lovter self esteem 
and less self confidence than boys, and where those forces go unquestioned 

and 'unchallenged." Later, it says: "This Report focus(es) attention 

on analysis of practice and on changes in* schools designed to redress any 
sex b^as in them Which limits the horizons and reduces the self esteem of 
girls." , 

Perhaps, the main impact of this report, for our purposes here, is that 
it prepared a stage for sociological research in the whole -field of girls/ 
women and consequently for research into the factors which affect girls/ 
women in their. study Qf mathematics. Indeed, the report draws attention to 
the neglect of sex differences in research saying: "Sex has in the past 
been consistently overlooked and underestimated as a major independent 
variable by Australian researchers and scholars, especially in education but 
also in psychology and the other social sciences" p. 148). The report 
went on to recommend "that, in establishing a base for future data collec- 
tion, all information about students and teachers be collected by sex" (p. 



.By far the ' largest . amount of work, therefore, ig of a sociological 

nature, with the collection of data upon the flowing elements: 

• * ■ # .. 

K Mathematical Performance: \. Keeves (Australian Council for Educa- 
tional Research, 1973) found that fhe general pattern of his results 'was one 
of superior performance by male students* in both mathematics and science. 
In all- cqmparisons made b,etyveen the scores of boys and those of giiMs, the* 
boys performed better. He found that the sex differences in achievement 
are in general greater at the pre-unWersity level than they are at an age 
level where attendance at school is compulsory. 

Alongside this, one must note that across-sex differences are greater 
than between-sex differences. "Girls, School and 4 Society" concluded: "In 
capacities aricl personality traits the differences within each se>c are much 
greater than those between sexes" (p. 155) . Bradley (1980) has said: 
"None of the slight differences between the sexes which have been .reported 
can explaih why so many girls in South Australia drop Mathematics when 
that option is open to^hem." • 

2. Retention rates: A comparison of the retention rates of girls and 
boys at school in tfje years. 10, IT, 12 of schooling in every state and each 
of the territories for. the year 1978 indicate *a .higher percentage of girls 
compared with boys regaining at /school in all cases except 'year 10 in thve 
Northern Territory" (Widdup, 1980) % 

In Victoria, Higher .School Certificate statistics indicate that more girls 
than boys in 1977 were successful in their HSC and in meeting university 
requirements. While 67 percent of boys who attempted H^SC were eligible to 
enter universities, the figCIre for girls was 71.4 percent., 

3. Subject Choices*: There has been a consistent trend throughout 
Australia for girls in secondary schools to drift away from mathematics and 
science by Year 12* This is shown in Tasmania (Widdup, 1972); New South 
Wales, Queensland, and Victoria ("Girls, School and Society," Appendix A); 
South Australia (Delhi and Sanders, 1976). It was observed in the A.C.T: 
(Richards, 1979), and .White observed the trend in Victoria for the period 
.1 956-1972 (White, 1973), (Widdup, 1980).. * - 

In concert witlV'thesc statistics are the figures* for four :ates and one 
Territory for 1977 .which indicate' that for boys the percentage of enroll- 
ments in mathematics for HSC greatly exceeded tjjiat for gfrls, except in 
N.S.W, 'where 52 percent of enrollments were girls. 

Another feature is tha^, where different levels of mathematics are 
offered, girls tend to take the lower levels. 

It should be; noted that in 19.77 in Victoria, where figures ate avail- 
able, 39.8 percent of enrollr/ents in Mathematics in the HSC were for girls; 
70.0 percent of those girls obtained a pass or better. For the boys, 77.3 
percent of those^enrolled obtained a pass or better. 

4. Sexism in TexYs: The prevalence hf sexist language in textbooks 
and, sex bias in activities of males and females has been recorded. For 
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example in a study of 12 texts in common use in Queensland, of specific 
reference to males and females, 78 percent were -to males; of illustrations, 
72 percent depicted males; of occupations mentioned, the ratio was ap 
proximately 11:1 in favour of male occupations,^ of activities engaged in, the 
ratio was approximately 3:1 in favour of males. 

In a similar study of texts used in Victoria, the Victorian Committee on 
Equal Opportunity in Schools (1977) examined five mathematics texts. Their 
figures show that girls appear less than once in five mentions or illustra- 
tions in the textbooks analysed. Furthermore, most examples show man 
acting: saleswomen never appear, nor do women fill in cheques or bank 
forms. All wage-earners are men and counting is done by men only. It is 
stated that "more importantly perhaps 'a mathematician' in the abstract is 
always male." This latter statement was true for all the textbook series 
examined' in this report. 

5. Sex Distribution of Teachers: The sex distribution of teachers in 
severai subjects, including mathematics, was collected for some states and 
territories for a Discussion Paper prepared by the Women's Advisers in 
State and Commonwealth Education Systems fpr a Conference of Directors- 
General in June 1980. This paper indicated that in 1979, in the A.C.T. 
41. i\ percent of mathematics teachers were female; in N.S.W., 37.1 percent; 
and in Tasmania, 29.7 percent. The figures for the other states were not 
available. The Discussion Paper comments that although "the relationship 
between teachers as sex-role models and the interests, achievement and 
vocational aspirations of girls and boys has not been adequately researched 

It could be hypothesized... that lack of female teachers in certain 
subjects could identify those subjects as 'masculine' and the opposite identi- 
fication may occur in subjects where male teachers are absent or in a minor- 
ity. In Mathematics, for example, this may have the effect of promoting 
the image of women as incapable of grasping mathematical concepts, or the 
message that there fs little relevance in the subject for a women's future 
employment." 

Expjanatlo ns for D ifferences 

As well as this collection of data there have been some studies which 
have looked at particular aspects of the differences and attempted partial 
explanation. 

Leder (1974, 1976) "examined the effect on students', performance of 
the contextual setting of mathematics problems." 

Leder also looked at attitudes of students and found fear of success 
(FS) and learned helplessness.. Her experimental evidence (1979, 1980a) 
indicated, the following: < 

(1) Girls are' more likely than boys to attribute sex differences in 
participation m careers in . mathematics and science to external 
factors that are potentially modifiable rather than to innate fac- 
tors. 

(2) Girls, on average, had higher FS than boys. 
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(3) For both boys- and girls, those considering taking less traditional 
courses tended to have higher FS than those taking traditionally 
sex appropriate courses. 

(4) ' For both boys and girls, FS tended to-be more characteristic of 

high performing than of low performing students. 

/ < . 

(5) For girls*, but not for boys, FS tended to be more characteristic 
of students with high educational and vocational intentions. 

(6) Girls who elected to continue with intensive mathematics courses 
tended to be relatively low in FS. 

(7) Evidence with respect to the relation between FS and mathematics 
performance has been contradictory . The fact that girls with 
high FS were more likely to opt cgjt of intensive mathematics 
courses may be a confounding factor. 

In a study done in Canberra/ Keeves (1972) reported that "attitudes 
of girls towards mathematics were related to the level of the mother's occu- 
pation before marriage. 11 In the same study he found that: (1) for boys, 
but not for girls, liking mathematics was related to prior achievement in 
mathematics; and (2) far girls, achievement in sixth grade was negatively 
related* to motivation scores at high school, but for boys a stronger positive 
relationship was found. 

Evans (1968), in the Queensland study, suggests that the superiority 
of girls in mechanical arithmetic "possibly reflects a more conforming atti- 
tude on the part of the girls to the school requirements that children 
become automatic in their response to number combinations. This same 
conforming attitude may well prove a« hindrance to the girls in problem 
solving tasks." In Queensland emphasis on automatic responses in number 
combinations may be greater than elsewhere (Drinkwater, 1970). > 

Keeves (1 973) 'reports a correlation between achievement and interest 
in learning mathematics that begins to develop in; early secondary school. 

Another aspect which has received some attention has been that of 
perceived usefulness. Cee (1973) says "that boys disliked and avoided 
humanities because they could' not relate them to life: girls disliked mathe- 
matics for those same reasons." Humphreys (1968) observes that "boys 
tended to choose subjects for future career requisites, girls were more 
influenced by school organization or by interest in and liking of a. subject." 

Whil e a c know l edging th at, ^Hrome^a^ 

group pressures have a greater . effect than school factors on differential 
mathematics performance by males and females", Widdup (1980) goes ofn to 
say that "schools do nevertheless have some effect." He isolates a number 
of elements of the school which . produces that effect. These are: (1) 
vocational guidance, (2) unbiased curricula, (3) supportive environment, 
(4) supportive networks, (5) a changed view of the use of mathematics, 
and (6) a change to the methods of teaching mathematics. 
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Cass (1973) states that biological theories of intellectual performance, 
while they may provide an account for between-sex differences, fail to 
account for within-sex differences. As Bradley, writing in 1 980, con- 
cludes: "It is clear that: 

a# There is conflicting evidence about sex differences in mathematical 
— abWty^ ______ — _ [ 

b. A slight difference between the sexes in spatial ability becomes 
evident at abdut the onset of puberty. 

c. From about the onset of puberty it seems likely that girls as a 
group perform better at mathematical computation and boys as a 
group perform better at mathematical reasoning. 

d. None of the slight differences between the sexes which have been 
reported can explain why so many girls in South Australia drop 
mathematics when that option is open to them." 

As Widdup (1980) reports: "Perhaps the most convincing evidence 
against biologically produced sex differences, , in ability and in favour of 
socially produced differences, is found in the results of a study of 79% of 
fulhtim^year 12 students in Victorian secondary schools in 1973 by Mackay 
et al. (1976). In these results sex-differences are further broken down by 
socioeconomic level,... and whereas boys do have higher spatial ability, 
highest are the middle socio-economic girls. In contrast to this, among the 
boys the highest ability group is the high sofcio-economic level group, 
although even they are below the middle socio-economic level girls in mea- 
sured spatial ability." * 

Meth ods of Learning ' 

One further series of studies of particular value has been those car- 
ried out by Lee Owens and Jennifer Barnes of the University of Sydney, 
with published results in 1980 and 1981. As a result of the Co-operative, 
Competitive arid Individualized Learning in Education Project (CCILE) begun 
in 1977, they have developed a Learning Preference Scale for Students 
(LPSS), for Teachers (LPST), and for Parents (LPSP). 

Beginning with the modest aim of investigating the attitudes of stu- 
dents towards 1 different modes of learning that have an effect on achieve- 
ment, they soon realized that student preferences form only a portion of 
the information necessary to understand the dynamics of classroom learning. 
Since then they have successfully developed the three scales and recommend 
- thenv-f>a*tieu^ and educational re- 

searchers; I 

As a re&llt of this work, one of the authors writes "we have found 
("stumbled on to 1 ' is more apt) another piece of the puzzle about the disin- 
terest shown by girls to the* study of mathematics at senior secondary 
level. 

First it was established (Owens and Straton, 1980) that mean co- 
operative preference scores on the LPSS were higher in .all secondary years 
than both competitive and individualized learning preference scores. 
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In their 1981 study, "the first, major conclusion which can be stated 
with certainty is that senior high school students express a much greater 
preference both for more co-operative and for more competitive social con- 
tact during learning than first-year high school students. English gener- 
ally is seen as providing more opportunity for co-operative interaction than 
Mathematics, though girls prefer competing in English more than boys do, 
whereas boys prefer competing in Mathematics more than, girls do. 1 '. 

There is evidence- to indicate that differing content in school subjects 
is seen apparently in terms of freedom and restraint - English apparently 
frees co-operatively inclined students to learn through relationships and 
personal development, while mathematics does not. 

In a. paper presented by Lee Owens in November 1981 to the Annual 
Conference of the Australian Association for Research in Education, the 
following comments are made about teachers: "At both primary and second- 
ary levels, male teachers express a stronger preference for competitive 
learning than females dp. This pattern for male and female teachers dupli- 
cates the results obtained from a large sample of school students, with 
males at each year level expressing more competitive preference than fe- 
males, ^nd females expressing more co-operative preference than^males." 

"The data reported in this paper, in conjunction with those in two 
previous ones (Owens and Straton, 1980; Owens and Barnes, 1981), give a 
foundation for the following informed speculation. Girls are' socialized 
during their early development generally in the direction of nurturant 
behaviour towards others, with emphasis on co-operative relationships and 

mutual assistance Boys are socialized towards adventurous striving, 

both on their own and in competitive contact with others The co-opera- 
tive and competitive learning patterns are being established, however, by 
the English and history teachers, the majority of whom are female, and by 
the mathematics and science teachers, the majority of whom are male 
(Women's Advisers, 1980). These patterns reinforce the basic dispositions 
of the learners. The time comes to choose courses for further study in the 
seniQr years, and girls, disinclined to favour competitiveness in learning, 
and faced with male teachers and subject matter that seems oriented to 
competitiveness, opt out and transfer their enthusiasm to other subjects." 

This work links well with Shelley's "An Exploration of How Different 
Teaching Methods Affect the way in whjch Students Come to Acquire. Mathe- 
matical Concepts" (unpublished M.Ed thesis, 1977), who worked with groups 
of students who had a previous history of failure in mathematics. 

The theoretical basis of this exploration dealt with the development of 
a schema in which the relationship between teacher, content of mathematics, 

- and- [earner were see** to he- Un^ed^ ^ 

' held. That view, Shelley argues, "affects the teaching approach which is 
adopted and has implications for curriculum, as well, as -for learning an<i 
particular perceptions of failure." The schema indicated "different cultural/ 
. social/'philosophical' positions from which several views of Mathematics have 
arisen and the accompanying views of man." 

Shelley then develops an alternative approach to the teaching of mathe- 
matics, working *ith three mam groups ('drop-outs 1 from the normal school 
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system, women, and Aborigines) and developing a co-operative, small-group 
method' of teaching/learning. This approach "requires the affirmation of the 
humanness<of the learner through the valuing of his/trer experience, in- 
volves' the members of a group - together with the 'teacher 1 —in partici- 
pating in a process of constant transformation, as reality, relationships and 
knowledge alter and develop." 

Since then, Shelley has continued her work both with Aborigines and 
with women and is collecting material of a case study nature to be published 
at a later date. 

Public Conferences 

There have been two major conferences held, in Australia in the last 
two years concerned specifically with girls and mathematics. The first, in 
May 1980 in South Australia, under the title of "Improving Mathematics for 
Girls," drew speakers from across the country and produced a comprehen- 
sive report which has supported action taken, particularly in South Aus- 
tralia. 

The second conference, "Expanding the Options - Girls, Mathematics 
and Employment", was held in Sydney - in August 1981 and was organized 
under the direction of the Minister for Education in Mew South Wales. 
Here, too, a range of speakers, this time of international repute, presented 
challenging papers. 

Conferences of this type are valuable in bringing to the notice of 
decision makers in education as well as to classroom teachers and teacher 
educators, the disadvantage which gifts face in the study of mathematics, 
as well as their attempts to obtain employment without having reached a 
reasonable level in that study. 

The Imm e diate Future 

In South Australia action has been taken to increase the number of 
girls taking mathematics, and hence broadening their options. "The meth- 
odology used in South Australia has beert to- 

1 . encourage people to implement change at many different levels - 
state, regional, school, class and individual students. 

2. provide as many support resources as possible. 

3. enlist departmental support for initiatives at any level. 

q~ — -ixat^F-arR^^ 

Officers and Advisory Staff. 

5. Organising and funding of conferences for . students, parents, 
teachers, 'counselors, etc.." (Symons, 1981) 

MERC A , the Mathematics Educational Research Croup of Australasia, 
has a sub-group specifically interested in Women and Mathematics. The 
report of this group's meeting at a recent conference of MERCA notes that 



the following areas were identified as important: replication of overseas 
research; identifying factors which cause girls to drop out of mathematics 
courses; monitoring of intervention programmes; investigation of differences 
in cognitive styles and development of appropriate teaching strategies; use 
of available databanks of mathematical performance; investigation of mathe- 
matics prerequisites; monitoring of subject choices; and investigation of the 
need for bridging courses. There will be a further meeting of MERGA ii\ 
January 1981 at which this group will meet. ..... . * 

In January 1981* the first National Conference of 40WME (International 
Organization of Women and ijlathematics Education) will be held. This 
conference will explore two different strands in relation to the subject 
"Women and Mathematics." The" first will .be concerned with equal partici- 
pation in the mathematicsUhat is presently taught, created, and researched. 
The second strand will seek to explore the implications of there being not 
only one mode of mathematical thinking and ask the questions: Could it be 
that there is a mathematics more continuous with women's experience than 
that mathematics created by men? What effects would this have (1) for the 
learning of mathematics? (in particular, for women's learning?) (2) for 
mathematics itself? (3) for the type of mathematics which would be re- 
searched? (4) for the uses to which mathematics would be put in our 
society? . 

Conclusion . - , 

The subject of women/girls and mathematics is one which* is receiving 
more attention in Australia in recent times. The main thrust has come not 
from those involved in mathematics education, but from those women and 
some men concerned with .equality for women in our society. Some mathe- 
matics educators have responded to this and the subject is now receiving 
attention in research and among some teachers. 

There is still much to be done, not least to make a much wider group 
of mathematics teachers aware that the subject is worthy of their attention. 
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Gender and Mathematics in Canada 

Roberta Mura " • 

V „ Faculty of Education * • , 

Laval University, Quebec City 

1 . Introduction » • 

Mathematics is one of the many pccupations in Canadian society in 
which one sex is engaged in a much larger proportion than the other one 
According to Statistics Canada (23),* in the year 1978-79 only 4.2% of the 
full-time university teachers in mathematics and physical sciences were 
women. (Of course, university teaching itself is a predominantly male 
activity, with a total of 14.8.% of women, for the same year. This should be 
compared with the female proportion of the full-time labour force whicn was 
39%.) At the time of writing, .there still exist in the country mathematics 
departments with no, women among their regular faculty members. 

It 'is only recently that this kind of sexual division of labour has 
bequn to be questioned. Many Canadians still do not see any cause for 
concern, as long as there are no formal legal barriers preventing people 
from entering a trade or a profession on the basis of their sex. Others do 
feel that there is cause for concern and would like to see the same per- 
centage of women present in all sectors of the labour market; however,. • 
they do not think that mathematics should be selected out of the many other - 
instances of sexual imbalance in our society, and would rather attack, the 
global social problem. These two positions account, for the relatively small 
.number of Canadian works dealing specifically with gender and mathematics. 

The present report is based mainly on the information, gathered by 
contacting the -Ministries of Education of each of our ten provinces the 
members of the Canadian Mathematics Education Study Croup, the members 
of the Canadian Mathematics Education Study Group, the members or the 
Canadian Mathematical Society presept at the 1981 summer meeting of the 
society the Canadian members of the Association for Women in Mathematics, , 
the Canadian members. of thte Special Interest Group for Research in Mathe- 
matics Education of the American. Educational Research Association, the 
Ontario Institute for Studies in Education, provincial associations of mathe- 
matics teachers and some national organizations such as the Science Counci 
of Canada, the Canadian Education Association, the Canadian Teachers 
Federation, and the Council of Ministers of Education. In several cases the 
respondents suggested further contacts ' which were then followed up. 

Admittedly, my first contacts were restricted to people in the areas of 
mathematics and education, whereas the topic of gender and mathematics 
could be of interest to people in a variety of other fields such as sociol- 
oqy. biology, psychology, women's studies, Jiistory, etc. Time prevented a 
more thorough search in these other domains; however,- it ,can be hoped 
that any mafor work dealing specifically with gender and nathematics would 
have come to the attention of some members of the mathematics education 
community. 

^Numbers in- parentheses refer to items in the list of references. 



I wish to thank all the people who directly or indirectly contributed 
the information and the material on which this report is based. In particu- 
lar I wish to express my gratitude to Claude Caulin and Shirley McNicol for 
their concrete help and moral support during all the stages of this work. 

2. Women and Mathematics at t he Unrvarsity Leve l 

Statistics about "womenX in mathematics in the universities are readily 
available from Statistics Canada (23) and (24). It is to be noted, however 
that mathematics is often treated as forming one category together with 
physical sciences. 

In 1979-80 the percentages of women among those earning a bachelor's 
deqree a master degree, or a doctorate in mathematics and physical sci- 
ences were respectively 28%, 19%, and 10%. Thus, the percentage of women 
decreases as the level of study increases. Moreover, the percentage of 
women enrolling in graduate studies is consistently smaller than the percen- 
tage of women earning a bachelor's degree the previous year. In other; 
words, the fact that a certain percentage of the students earning a bach- 
elor's degree are female does in no way guarantee that the same, percentage 
of women will be found among those earning a doctorate a few years later. 

" • As already mentioned, in 1978-79 women constituted only 4.2% of full- 
time university teachers in mathematics a^d ..physical sciences, and even 
there their proportion /decreases , as one mo^s/from • assistant professor to 
associate professor to full professor, furthermore, within each, rank the 
women's median salary was lower than the men's (23). 

, A brilliant analysis-of the status of women students and teachers in 
Canadian- universities, is presented by Jill McCalla Vickers and June Adam jn 
their book Bgt-Can You Type ? (11). Many of. the obstacles to women is 
participation in higher education that they examine are common to all fields 
of study: ' institutional factors (e.g., inadequate facilities and rigidity of 
programs), economic factors (e.g, lower-paying summer and part-time 
employment for female students), psychofogical factors (e.g., sexism and 
stereotypes), difficulties related to part-time and continuing education, etc. 
-Some; however; touch more specifically on mathematics. Here is what they 
write: - 

Almost from the cradle' on, Canadian "girls are presented with 
images of< occupations appropriate, for them. These images 
r rarely lead .girls to eyen' contemplate careers in traditionally 
male fields. And because few girls contemplate careers in 
fields traditionally cjosed to women, they tend not to qualify 
-themselves appropriately for entrance tx> programs leading to 
such' careers. For many, the discovery of alternatives* to 
the- traditonal female careers comes' too' late because they are 
. * ' • unprepared, most often in .the physical sciences, and mathe- 
matics, (p. 134) 

Thus, although the problem manifests itself more severely .at the 
university' level and -is compounded by some aspects of the universities' 
•'structures and attitudes, its, origins have to be looked for, at previous 
.educatiohal levels as well as outside the educational system'. 

» 
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Three more publications on the subject should be mentioned: ..two 
recent- reports on the status of women at two universities in Quebec (3) and 
(6), and an article on female scientists by Isabelle Lasvergnas-Cremy (10). 
At the time of writing, Isabelle Lasvergnas-Gremy an^l Jacques Dofny are 
completing an historical study of women in science (including mathematics) 
in Quebec in the years 1960-75 (28) . 

St Women and Mathematics at the Eleme ntary and Secondary School Levels 

r Rational statistics about girls 1 enrollment and achievement in school 
mathematics courses are not readily available. This is due to the diversity 
of jthe educational systems and of the statistics kept by the Ministries qf 

- Education in the various provinces. National statistics about female mathe- 
matics teachers are not availabJe in published form. However, the data 
banks of Statistics Canada and of the Quebec francophone teachers' union 
indicate that the percentage of women among those who teach mathematics 
and science in secondary schools varies- between 13% and 35% in nine out of 
ten provinces. 

• . Enrollment 

I. ■ * 

In- the British Columbia provincial assessment of 1977, it was reported 
that: ' 

Only forty-two percent of the Mathematics 12 students were 
female, while sixty-four percent of those whose last mathe- 
* ' rnatics course was Mathematics 10 were female. In other 
words, a disproportionate number of female students have 
decided not to study, any mathematics in secondary school 
% beyond the last course required, Mathematics 10. (17, p. 
20) 

iNo explanation of the phenomenon is offered; however, this finding 
prompted the authors of the report to formulate the following recommenda- 
tions: 

* - . .Recommendation 5-1: The Ministry of Education should insti- 
tute,^ program of research designed to ascertain why such a 
high proportion of female students do not continue to study 
mathematics beyond the last compulsory course. 

Recommendation 5-2: On the basis of the evidence obtained 
as a result of the implementation of Recommendation 5-1, the 
Ministry of 1 Education, in ' toof6eration^ with local school dis- 
tricts and" teachers' groups/^ should institute professional 
development programs to sensitize teachers and counsellor^ 
to this tendency and with ways pf dealing* with it. {18, p. 
121) . , J 

In Ontario, Marlies Sudermann carried out*cesearch on sex differences 
in high school' course choice and achievement for the Ottawa $oard of 
Education. Concerning mathematics enrollment, she found that: 

*' - a much smaller proportion of girls than of boys was takinq 
inched or Advanced phase mathematics by Grade 12. (35% 
vs 67%) 

d ■> , 



- a far higher percentage of girls drop mathematics altogether 
by Grade 12 (26% of girls vs 4% of boys). (25, p. 23) 

This situation Ks attributed to sex role stereotyping; the factors leading to 
it are described as being complex and including home and peer influences, 
the media, and the school system. 

Joan Pinner Scott reports some further statistics in a paper presented 
at the Science Council of Canada's workshop on "The Science Education of 
Women in Canada," (22) and (31): 

- In Ontario, in 1979 only 39% of the Grade 13 mathematics students were 
girls; 

- in New Brunswick, while girls predominated in the higher level mathe- 
matics courses at Grades 10 and 11, there were more boys than girls, 
in both higher and lower level mathematics at Grade 12; 

- In Newfoundland, a higher proportion of girls than boys took the 
demanding course (algebra) at the Grade 11 level. 

In Quebec, Lesley Lee, a speaker at the 1981 Mathbec Conference, 
looked at female and male enrollment in the different programs offered at J 
the junior college level (29). She rated the programs according to the 
number of mathematics courses that they require and found that 33.7% of 
the women and 10% of the men were enrolled in programs not requiring any 
mathematics courses. The situation was reversed for programs requiring 
four or more mathematics courses: 10.5% of the women and 32% of the men 
were enrolled in such programs. 

Achievement and attitudes 



Differences in school mathematics achievement have been found favour- 
ing sometimes girls and sometimes boys. 

In the 1977 British Columbia mathematics assessment already mentioned 
(17) # students were tested in grades 4, 8, and 12 'in three domains: 
computation and knowledge, comprehension, applications. 

Female students outperformed males on most of the computa- 
tion objectives on all three tests, while males outperformed 
females on all of the problem-solving objectives. Most such 
differences, whether in favour of males or females, were 
small. (17, p. 3) 

In Alberta, a study of sex differences in mathematics learning was 
done by Daiyo Sawada, Alton Olson, and Solberg Sigurdson (20) in con- 
junction with the 1978 provincial mathematics assessment. Students were 
tested in grades 3 , 6, 9, and 1 2- ,at three cognitive levels ( knowledge, 
comprehension, application) and five' areas of mathematical content (number, 
algebra, geometry, measurement; statistics) . Significant differences in 
favour of males were found at each grade level, increasing . with each grade 
level as well as with the cognitive level. Discussion of the results is brief; 
however, the differential performance is attributed to socio-educational- 
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cultural variables. At the time of writing, Daiyo Sawada (30) is completing 
a study aimed at assessing the effect of four background variables in 
accounting for the previous results. The four variables are:, mathematics 

courses studied^ perceived usefulness of mathematics, attit ud e towards 

mathematics ~and^deg>ee of use of hand-held calculators. 

Another study was carried out in Alberta by Garnet Millar, Sharon 
Cote, and Clenna Moorey (14) on a much smaller sample (one school only), 

^ ^ but spat^ntng five coo^seGUtim y^s. r fro^ 1972 to 1976. The subjects were 

422 grade 8 pupils and the measure of achievement was the end-of-year 
mathematics score. A statistically significant difference was found in favour 
of girls. Here is what the authors write in trying to explain their results: 

Staffed mostly by women, emphasizing verbal behaviors and 
rewarding passive compliance, schools are seen -as better 

suited to "feminine" skills and tempe ram en t . Teacher 

expectation or attitude may also account for the girls per- 
forming academically better than the boys. Teachers (mostly 
female) may expect more from female students, hence their 
better performance. ... Perhaps, our elementary and middle 
schools are female oriented and consequently are suited to 
the interest and enhancement of feminine activities. ... 
Academic excellence may be a secondary objective for grade 
eight boys in the school setting, (p. 18) 

Joan Pinner Scott, in the paper already quoted (22), reports thatt 

... more girls earn higher marks than boys in Newfoundland 
(Grade 11), gjrls have a higher pass rate in Ontario (Grade 
13) and enrollment data shows more girls in more challenging 
courses at Grades 10 and 11 in New Brunswick. 

She concludes: 

Good pass rates combined with low enrollment in some places 
suggests that girls in those places have either a quite incor- 
rect estimate of their mathematical abilities and/or no appreci- 
ation of the value of mathematics to their future careers or 
no expectation of having a career. 

The issue of girls' incorrect estimate of their mathematical' abilities has 
been addressed also by David Robitaille (16). In this study, boys' and 
girls' degree of self-confidence in their methods of performing the four 
basic operations with whole numbers are compared with their actual' perfor- 
mance. The subjects were 5,440 British Columbia students from grades 5, 
6, 7, and 8. 

Despite the fact that the girls consistently outperform the 
boys as regards achievement, in only 3* out of 20 cases is ^the 
girls' mean self-co o nfidence score greater than that of the 
boys. (p. 20) 

In Quebec, Richard Pallascio investigated attitudes towards mathematics 
among' students who had just started attending junior college (15). The 
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instrument used was a slightly modified version of a 67-item questionnaire 
developed in France by Jacques Nimier. The results were reported by sex 
as well as by program. Statistically . significant differences between the 
women's and the men's answers were found on 7 of the 67 .terns - Women 
aqreed more strongly than men with the statements: "When solving a 
problem, I panic fairly often 1 ' and "The difficulties I encounter when solv- 
ing aVroblem are like a barrier that I must break down in order to make 
proqress." Men more than women perceived mathematics as being a subject 
^mre-yorrxanTiot fake it: either you know it or you don't." Men also 
agreed more strongly than women with the statements: "Doing mathemat cs 
is doing something fundamental, which, is basic to everything else. In 
mathematics there is no room for personality, all that one does has been 
done before by someone else, all has been thought out before" and Those 
who spend too much time doing mathematics run the risk of losing touch 
with reality." The last two results seem to surprise the author. F-urtner 
differences were found when restricting the analysis to students in voca- 
tional programs and to students in academic programs. No interpretation is 
offered of the results observed. 

Further relevant lit er ature 

the studies quoted so far include all of the empirical research on sex 
differences related to mathematics that I have found. "Sex" is rarely used 
as a critical variable in Canadian mathematics education research. I have 
come across two articles, (8) and (9), in which some sex differences are 
mentioned in passing. In neither article was observing sex differences an 
objective of. the study. In the first one, the author describes how familiar- 
ity (or lack of it) with a particular problem situation (racing cars) influ- 
ences boys' and girls' performances. Familiarity seemed to he p the boys at 
one stage and to hinder them later on. In the second article, children 
were observed while performing rational number tasks using two different 
representations: a "real problem packing machine" or a number pattern 
setting. Boys had more success using the machine representation while 
girls had more success with the pattern representation. 

Two researchers told me that they feel reluctant about publishing their 
results by sex or publicizing any sex differences that they may notice in 
the course of their studies because they do not see any positive use for 
this kind' of information. 

Among non-empirical research should be noted the 1930 report on 
Gender and Mathema tics/ Science Educ ation inEjej^ntorya^ 
SlTh^s^?epaTiTlby-Gaalen Erickson, Lynda ^Erickson a^ Sharon ^aggerty 

T57 This report was commissioned by the Ministry of .Education of British 

Columbia as a result of the recommendations, already quoted, presented in 
the 1977 mathematics assessment (18) and in a similar science assessment. 
The report is divided into four parts. The first two parts consist of an 
extensive review of the literature on the subject of sex-related differences 
in science and mathematics achievment and enrollment as well as on - he 
question of the origins of these differences. Some attention is given to the 
literature on sex-related differences in cognitive abilities, but most of the 
space is devoted to affective and motivational factors (stereotype of science 
as a male domain, girls' career interests, attitudes to science fear of 
success in a male domain, math anxiety), to educational variables (teachers. 



counsellors, course materials and textbooks, coeducational education) and to 
other socio-cultural factors such* as parents and peers. The third part 
describes programs and projects undertaken in the United States to increase 
girls' interest and achievement in mathematics and science. The final part 
of the report consists of appropriate recommendations to several educational 
constituencies in British Columbia. 

An early and interesting article on the subject was published in 1974 
by Jean Hewitt under the title Why Doesn't Jane Count ? (7). The author 
examines "four stumbling bfocks in the path of potential female mathemati- 
cians": sexual stereotyping, anxiety and the narrow coding caused by it 
(coding refers here to the way in which individuals simplify, organize and 
internalize information), imagination, and possible inherent differences in 
abilities between boys and girls. The article ends with some suggestions 
about teaching approaches. 

4. Overview 

Three general features of Canadian work on gender and mathematics 
seem to emerge from a survey of the relevant literature. 

A. Sex differences in Inherited abilities related to mathematics have 
not been assigned a central role so far. 

An exception to this were a few articles appearing in Canadian news- 
papers and magazines in December 1980 and early in 1981 carrying titles 
such as "Study suggests boys are born superior in math" (Montreal Gazette , 
December §, 1980). The study referred to is research done by Camilla 
Behbow afid Julian Stanley at Johns Hopkins-University in- the United States 
and publicized in the magazine Science {December 12, 1980). Karen Al- 
Aidroos and Lesley Lee, a geneticisf and a mathematician, wrote a response 
to these articles (26) and sent it to the Montreal Gazette , but the news- 
paper has not acknowledged it. 

B. Much-" Canadian research seems to be motivated by a desire to 
contribute to changing the present situation. 

Sex differences in enrollment and achievement in mathematics courses, 
and their origins, are studied in terms of finding ways to correct them. 
Many publications end with suggestions or recommendations directed to 
people in the various sectors of the educational system. However, to my 
knowledge, no systematic programs have been developed specifically to 
overcome the disadvantages girls face in learning mathematics in school. 
One such program may emerge from a project currently under, way at the 
Board of Education for the City of Toronto (27). 

C. There is a tendency to consider the issue of women and mathe- 
matics as one aspect of some larger issue; e.g., women and science, or 
sexism in the schools. 

In February 1981 the Science Council of Canada held a one-day work- 
shop on "The Science Education of Women in Canada." The proceedings will 
be published > within the year and will contain, a chapter on mathematics' 
(31). 
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In several provinces there has been a movement to confront sexism in 
the schools. Official bodies have produced detailed analyses of stereotypes 
present in school textbooks and guidelines for screening out sex-biased 
educational material (1, 4, 12, 13, and 19). 

These publications touch on mathematics in two ways. First, the 
mathematics texts have .turned out to contain as much sex bias as any other 
texts. Verbal problems, especially but not exclusively in older texts, 
provide striking examples of sexual stere otyping. Secondly, an an alysis of 
the characters portrayed in texts of any subject reveals that male charac- 
ters outnumber female characters two to one in elementary school texts and 
three to one in secondary school texts (4, p. 10 and 19, p. 8) and up to 
five to one if one considers major characters only (13, p. 14 and 19, p. 8). 
Moreover, the list of 'different occupations in which these characters are 
represented is at least five times, as long for males as for females. Male 
occupations include mathematician, engineer, scientist, and other profes- 
sions requiring mathematics in their training. are 
portrayed in such professions (4, p. 111 and 13, p. 142). 

The conclusion is that school texts portray a society even more heavily 
stereotyped than the real one. These findings confirm in a dramatic way 
that there are indeed powerful socio-cultural factors working against girls 
preparing to enter mathemtaics-related professions. It is to be hoped that 
these shocking reports and the guidelines accompanying them will produce , 
some quick changes. 

In Quebec, the francophone teachers 1 fc union published a collection of 
activities that teachers of all subjects and levels, from kindergarten to 
college, may use with their clasjses (2). The aim is to help students ob- 
serve and try, to modify sexist attitudes and behaviours within themselves, 
the family, the school and society in general. Over half the activities deal 
with career related issues and some necessarily touch on mathematics (the 
rest deal with language, media, sports, family, violence against women, 
history and politics). Several activities call for surveys to be conducted 
by the students in their schools. Here are some examples: an inquiry into 
students' perception of the various trades and professions as being more 
appropriate for one sex or the other and a discussion of the findings; a 
study of girls 1 and boys' participation in the various courses or programs 
offered in their school or college; an inquiry into. girls 1 and boys 1 percep- 
tions of their own scientific aptitudes, their attitudes towards science and 
their actual achievements in science courses; etc. 

5 . Concluding R e marks 

In an effort to assess general intefrest in the topic "gender and mathe- 
matics" in Canada, I asked all participants at the 1981 meeting of the Can- 
adian Mathematics Education Study Group to complete a four-item ques- 
tionnaire on the* subject.- Of the 55 participants, only 27 turned in their 
answers. Of these respondents", 14 feel that there is a need for research • 
on gender and mathematics in Canada, and 12 consider the lower participa- 
tion of women in mathematics as a problem for Canadian society. Among the 
23 who teach some mathematics education or mathematics courses for teach- 
ers, 7 said that they spend a little time on the topic "gender and mathe- 
matics" in their courses. 

ERJC 47 



I would summarize this by saying that while there does exist some 
interest in gender and mathematics in Canada, at present this topic is not 
on the priority list of mathematics educators. On the other hand, I have 
noticed a fairly new and growing concern about sexism in the schools. 
This seems to be manifested more strongly by governments and other offic- 
ial bodies than by the university community. 

Those of us who think that a good mathematics education is important 
for everybody and that women should have an equal chance of participating 
in m athematics carry the responsibility to see that mathematics is kept 
within the focus of the movement co confront sexism in the schools. I think 
and hope that in the near future more activities will be undertaken both to 
develop a better understanding of the phenomenon of mathematics avoidance 
by girls, and to sensitize students, teachers, and the public in general to 
this issue. 
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Cender and Mathematics 
in the Dominican Republic 

Eduardo Luna R. 
Sarah Gonzalez 
Universidad Catolica Madre y Maestra 
Santiago 

1 . Introduction 

Until now, interest i n the Dominica n Republic- to— the-^opic-xff^W6men" 
and mathematics has beerTvery lowT Actually, there are very few studies 
dealing with this topic and our information sources were limited to: (1) the 
Dominican studies section of the Universidad Catolica Madre y Maestra's 
(UCMM) library, where we found data on this topic in the form of the B. 
S. thesis papers of students of the UCMM's Department of Education, and 
(2) data in the form of final mathematics examination grades obtained from 
the Department of Mathematics at UCMM. 

In the following we wilt refer to the studies dealing with the topic 
which we found in the above sources. We would like to point oiit that the 
studies presented 0 in this paper are exclusively descriptive, and do not deal 
with the different variables that influence or motivate the ehd results. 
Nevertheless, these studies may be used as indicators of a behavior that 
should be analyzed and investigated more deeply in the Dominican Republic. 
It is the authors 1 hope that this paper will serve as the departure point for 
a series of studies on a topic of such relevance and social implications. 

2. Description of Study 

Relation between the Results of Raven's Test of Progressive Matrices 
and the Students 1 Grades in Mathematics in the First 'Semester of the 
Freshman year of the UCMM from 1966 to 1970 (Sagredo, 1973). • 

One of the hypotheses of this study establishes that "the correlation 
^between the results of Raven's Test of Progressive Matrices -and the mathe- 
matical grades of nrule students is higher than the correlation between the 
grades of said test and the mathematical grades of female students" (p. 5). 
The controlled variables in this study were: intellectual capacity; grades 
corresponding to Math-101, Math-103, and Math-1 04 (basic mathematics 
courses, corresponding to Freshman year); . and the gender of the individuals 
studied. Some uncontrolled variables were: age, social class, motivation, 
and physical and psychological conditions at the time of test administration. 
The population studied and its temporal outreach are the limitations of the 
investigation since it was performed solely in the UCMM and it only refers 
to the data of 1966 through 1 970. The sample consists of UCMM ^tudents 
who were in the* mathematics courses during the first semester of the fresh- 
man year between 1966 and 1970 and in whose admission records Raven's 
test results are reported. A.n analysis of the data of this study indicates 
that "the correlation between Raven f s test results and the grades of 
Math^101 among male students is 0.2033, while for f emalo students it is 
0.3280" (p. 17). Thus, the above-mentioned hypothesis, which relates the 
achievement measured by the Raven and gender, must be rejected since the 
correlation coefficient is greater for female students than for male students. 
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Garret's criteria were used for the interpretation of the correlation coeffici- 
ents. 

3. Description of Study B 

Problems of the Teaching of Mathematics at the UCMM in the Academic 
Year 1970 - 1971 Due to the Changes Introduced in the Programs 
(Morel et al^ 1972) ^ — - , 



This investigation consists of three sections. The last section relates 
gender with mathematics. , It studies the opinions of 239 second-semester 
students of the academic year 1971 - 1972 on the program of the MatlT-101 
which they had studied during their first semester that same year. The 
sample represented 82% of the total population. The instrument used for 
obtaining data in this investigation Was a questionnaire of closed questions; 
the statistical treatment was limited to the calculation of the absolute fre- 
quencies and percentages of the alternative responses. The' controlled 
variables were: faculty, sex, time, difficulty, usefulness, instructor, and 
orientation. In Jhe analysis of the opinions by gender on the mathematics 
program, it was established that out of 197 students surveyed, 116 were 
males (59% of the sample) and 81 were females (41% of the sample). Math-101 
seemed of an average difficulty with a tendency to being easy for male 
students, while female students found the program to be of average, diffi- 
culty with a tendency to being difficult. Thus, the percentages of diffi- 
culty were higher among female students and the percentages of ease Were 
higher among male students (see Table 1). 

TABLE 1 . 

DEGREE OF DIFFICULTY OF MATH-101 BY GENDER 





Males 


Females 




( N=1 16) 


(N=81) 


Very difficult 


8% 


16% 


Difficult - 


18 


24 


Average 


44 


35 


Easy 


23 


21 


Very easy 


7 


4 



9 
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In regard to the degree of difficulty of topics in the course, female 
students found Logic the most difficult, fbllowed by Functions; male stu- 
dents found Functions the most difficult. Table 2 presents the listing of 
difficult topics by gender. 

In. the questionnaire, students were asked which mental operations 
were encouraged in the Math-101 program (see Table 3). Thirty-six per- 
cent of the male students thought the program encouraged reasoning as 
much as memory; 40% of the female students thought it encouraged reason- 
ing more than memory. Eleven percent of all students thought that the 
program did not encourage either mental operation. 

. ' ■ 5.) 



-46 



G7 



TABLE 2 

REPRESENTATION OF THE TOPICS OF MATH-101 
ACCORDINC TO THE DECREE OF DIFFICULTY GENDER 



Logic 
Sets 

Relations 
Functions 
_ No answer 



Males 


Females 


23%' ' 


41% 


13 


10 


16 


17 . 


41 ' 


26 


7 


6 



TABLE 3 

MENTAL OPERATIONS ENCOURAGED BY MATH-101, BY GENDER 

jrfen tal Operation 
Memory only 
Reasoning only 

Memory and reasoning equally 
Memory more than reasoning 
Reasoning more than memory 
None of them 
Mo answer 



Males 


Females 


.2% 


4% 


18 


16 


36 


34 


9 




29 


40 


. .5 , 


6 


M 
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Whdn asked about the amount of time required for the completion of 
the Math-101 program, 9% of the students (1 8 .students) thought the time 
"too much" (p. 43). Of the 18 students only 4 were female (see Table 4).. 

During the academic year' 1970-1971 fundamental changes were made in ' 
the teaching of' mathematics 'in the UCMM, changes, which motivated tnis- 
study The factors included: the introduction of a new program of 
Math-101 for freshman students; a new outlook of mathematics; the concepts 
of sots and relations appear as reinterpreted of mathematical reality; and 
the appearance of new subjects in the college (universit. ) mathematical 




milieu. U was observed that during that year grades in Math-101 were low 
and.q great number of students dropped out of the course; teachers' didac- 
tics were criticized; and the students' opinions on the program o;f Math-101 
were, in general, less than favorable. . .This investigation analyzed possible 
explanations of the problem. » 



TABLE 4 

DISTRIBUTION OF STUDENTS TO WHOM THE AMOUNT 
' OF TIME SEEMED TO'O MUCH FOR THE ,CONTENT, 
BY FACULTY ANDOJENDER 



Faculty 

Administration and Economy 

Engineering 

Education 

Sotiar Work \ 

Law 

Agronomy 







Males 


Females 


1 


1 . 


7 


0 


1 


2-. 


1 


0 


2 


1 


2 


0 
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4. Description of Study C 
• 

The Teaching and Learning of Mathematics in the Dominican Republic 
* (Luna, 1980) . .. 

In Jhe Dominican Republic, work is being done on the project of Educa- 
tion of the Learning and Teaching of Mathematics conducted by the Second 
International "Mathematics Study. In the pilot tests administered to eighth-. 
grad(? students. or sophomores within the Reform Program of the Dominican 
Educational * System (students of an average 13 years of age), data on 
achievements by gender and by different types of school were obtained.. It 
is fmportant\tb point out that in each type of school some of the classrooms 
visited were coeducational (that is, with brfth female and main students), 
while other classrooms lacked that characteristic. 

* We consider it convenient to describe some generalities of the Domini- 
can educational system that may result in a 'better understanding of the 
characteristics of the students who participated in this pilot study. The 
National Council of Education and the Secretary of Education are in charge 
of directing the. Educational Program by disposal of the Organic Law of 
Education of 1951. The Department df Education, Fine Arts and Culture 
supervises and -evaluates all schools and finances a great many of them. 
There are different types of schools in the Dominican Republic: public 
schools, totally financed by the State; and private schools, which receive 
' no financial aid . from .t^e State. Schools are also classified as urban or 
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rural. Nevertheless, the study* programs are common for the whole country 
and established by the National Council of Education, which also approves 
the texts used for teaching. The academic structure of the educational 
system is organized as represented in Figure 1 . Note the co-existence of 
two parallel programs: the "Traditional; Program" and the "Reform Pro- 
gram." 

*• » 

We would like to emphasize that samples for the pilot tests were taken 
from the two main, urban centers of • the. Dominican Republic: Santiago and 
Santo Domingo. The schools were cheleri. as representative, through the 
years, of the three types of schools of which the Dominican Educational 
system is made up of: public, semi-official, and private. The pilot tests 
were administered in May 1979, November 1979; and May 1980. The goal of 
these tests was to determine if the international cognitive instruments were 
appropriate for students, belonging to population A in Dominican Republic, 
that is/ students whose ages .halfway through the school year were between 
13 years, 0 months and 13 years, 11 months. When these tests were admin- 
istered, behavior by gender was also observed. > 

4.1 Pilot Tests - May 1979 . - 

In May 1979, three tests of 40 questions each were administered, 
identified as Form 1, Form 2, and. Form 3. The three forms were 
administered in 16 schools of Santiago and Santo Domingo to some 1,500 
students who had completed eighth gracJe (junior high) or the second year 
(sophomore) of the Reform Program. 

• ^ 

Some of the resulting statistics related to achievement by gender are 
presented in Tables 5 and 6. 

\ 

TABLE 5 
ACHIEVEMENT BY FORM 

Form 1 Form 2 Form 3 

Females." < 26.02% 30.32% 2'4.09% 

Males c . 3.0.32 34.73 - 31.22 
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When hypotheses were tested statistically- to ascertain whether the 
achievement differences were significant, it was found that males had better 
achievement (p<«001) than female's on each of the three test forms. 
Nevertheless, the resultant data must be considered simply as indicators of 
a tendency but not conclusive, due to the character of the sample chosen 
and the fact that *thisYesearch was merely a pilot study. 

4.2 Pilot T ests - Acad emic Ye ar 1979-1980 . 

y * A total 6f 1798 students from 49 different classrooms in 23 schools in 
Santiago and Santo Domingo participated in these pilot tests. The schools 



Grades Age^ 



Age Grades 



T 

2 
1 

T 
T 

6 

T 
T 

2 



22 
21 
20 
19 
18 



17 
16 

15 
14 

13 
12 



1 1 
10 
9 

8~ 

7- 
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T 
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9 
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Figure 1. Structure of Education in 
the Dominican Republic 
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TABLE 6 
ACHIEVEMENT BY AREA 



Males Fem ales 

Natural Numbers 46% 42% 

Common Fractions 31 - 25 

Decimal Fractions o 44 35 

Reasons, Proportions and Percentages 45 18 

Theory of Numbers '28 24 

Powers and Exponents 44 42 

Square Roots . 62 50 

Dimensional Analysis < 14 9 

Rational Numbers and Integers 33 30 

Geometry 28 22 

Probability and Statistics 38 29 

Measurement 27 23 



were of the public, semi-official, and private types. A pretest was admin- 
istered before the first six weeks of the school year were over, and a 
posttest was administered at the end of the school year. 

Some statistics by gender in both the pretest and the posttest are pre- 
sented in Tables 7 and 8 ? 

Again, statistical tests were conducted to determine whether the differ- 
ences in achievement were significant.; On both pretest and posttest, males 
achieved better than females in all types of schools (p < .001). 

General Conclusion for St udy C : The" statistics gathered by the pilot 
tests given in the Dominican Republic as part of the Second International 
Mathematics Study suggest that there is a significant difference in academic 
achievement in mathematics between the male and female groups of eighth 
grad<; or Reform sophomore level in Dominican Republic. Due to tha nature 
of the sample chosen, this empirical result cannot be taken as conclusive, 
but rather as an interesting phenomenon that should be investigated in its 
total extension at a national level. 

5 • Descr i ption of Study D 

Analysis of the Relation of Final Grades of First Semester Students of 
the Academic Years 75-80 who took Math-101 and the Gender of the 
Same. 



The population of this study was made up of students of Math-101 in 
the first semesters of the 1975-1980 academic years who obtained grades of 
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T ABLE 7 

- PERCENTAGES OF STUDENTS BY INTERVALS OF 
ACHIEVEMENT BY GENDER IN THE PRETEST 



National Level • 0-25% 

Males 67.1% 

Females 75.3 
Pub lic Schools 

Males 82.7 

Females 90.1 
S emi-Official Schools 

Males 80.0 

Females 88.1 
Pri vate Schools 

Males v 57.1 

FemalesX 61.0 



I n t e r v a'l s 



26-50% 

30.9% 

23.9 



17.3 
9.6 

20.0 
11 .9., 

39.9 
37.1 



51-75% 
1 .6% 
0.8 



0 
0 

0 
0 

2.8 
1 .6 



76-100% 
0.1% 
0 

0 
0 

0 
0 

0.2 
0 



TABLE 8 

PERCENTAGES OF STUDENTS BY INTERVALS OF 
ACHIEVEMENT BY GENDER IN THE POSTTEST 



National Level 0-25% 

Males 17.1% 

Females 61.1 
Publ ic Schools 

Males 66.1 

Females 81.0 
Se mi-Official Schools 

Males 61.2 

Females 75.1 
Private Schools 

Males 31.3 

Femafes 13.6 



Intervals 



26-50% 

13.8% 

33.1 



32.8 
15.3 

31.1 
21.6 

51 .3 
15.5 



51-75% 
8 .02% 
5.3 

0.7 
0.7 

1 .7 

0.3„ 

13.0 • 
10.1 



76-100% 
0.8% 
0.2 



0 ' 
0 

0 
0 

1.1 
0.1 
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A, B, C, D, or F, excluding students who obtained failing grades due to 
poor attendance, those whose work was incomplete, and those who had to 
take special exams. The reasons for limiting this study to the first semes- 
ters are; a) the majority of the students registered in the first semester 
are exposed for the first time to Math-101, that is,, the number of students 
repeating Introductory Mathematics is low; b) there is a greater coordina- 
tion in the work done by all the instructors teaching this subject in terms 
of the focus of topics, quality and quantity of exercises assigned to the 
students, elaboration of tests, and the amount of time dedicated to each 
topic. 

It is necessary to point out some limitations of this study. While it is" 
certain that there is intensive coordinated work that produces departmental 
exams (partials and finals)., .it is also true that in these exams (essay-type) 
questions are included in which the subjectivity of the teacher influences 
evaluation. On the other hand, in our culture, career election is very 
often determined by the simple fact of belonging to a determined gender. 
To hack this statement, it seems sufficient to observe (see Table 9) data on 
students registered in some programs at the UCMM, as gathered by the 
Planning Office. 

Thus, there are. careers which are mainly made up of males while 
others are mainly made up of females. An interesting item is that in the 
latter only basic mathematics is required. Consequently, a characteristic of 
the educational system, and not precisely gender, explains why in these 
careers there is little motivation for studying Math-101. It simply will have 
no future use. On this aspect, we would like to refer to another section of 
Study B . This section deals with the problem of teaching mathematics in 
the UCMM resulting from the changes introduced in the 1970-1971 academic, 
year and states: a) 56, 45, and 45 percent of the "students of the sample 
of this study which belong, respectively, to the faculties of agronomy, 
engineering, and' business administration, and economy regarded the Math-101 
program as useful for their careers; b) 81, 75, 54, and 54 percent of the 
students of the sample of this study which belong respectively to the 
faculties of law, nursing, education, and social work considered the Math-101 
program of little use in their careers (p. 52)". It seems convenient to point 
out that the Math-101 program we have referred to is the same one in 
actual use at the time of this study. 

Returning to Study D, we will now consider some of the data on perr 
centages of students attaining each grade during the seven-year period 
(see Table 10). 

The difference in average index by gender observed in Introductory 
Mathematics in Freshman year at the UCMM is small. We would, neverthe- 
less, like to emphasize that the data presented on registered students 
clearly signal that lack of motivation, and not gender, would be the expla- 
nation to the difference observed in achievement. 

A striking fact is the low achievement registered by both genders in 
Introductory Mathematics. Also, in Table 10 we can clearly see that the 
fem.ile gender predominates in the lower extreme F while the male gender 
predominates in the higher extreme A. 



TABLE 9 



Agronomy 



Engineering 



DISTRIBUTION BY GENDER OF STUDENTS 
ENROLLED AT THE UCMM: 1976 - 1981 



Business 
Administration 
and Econo my 

Law 



Year 



1976- 1977 

1977- 1 978 
*1 978-1 979 

1980-1981 



1976-1977 
1 977-1978 
1978-1979 
1980-1981 

1976- 1977 

1977- 1978 

1978- 1979 
1980-1981 



1976-1977 
1 977-1 978 
1978-1979 
1980-1981 



1st. Semester 
% Male % Female 



2nd . Semester 
$~~MaTe ~ I Female 



97.9 


2.1 


97.9 


2.1 


98.7 


1.3 


98.5 


1.5 


98.0 


2.0 


98.7 


1.3 


92.4 


7.6 


90.6 


9.4 



89.8 


10.2 


89.9 


10.1 


9,1 .3 


9.7 , 


91 .1 


8.9 


89.6 


10.4 


• 91.2 


8.8 


85.9 


14.1 


85.8 


14.2 


44.0 


56.0 


43.5 


56.5 


38.0 


62.0 


46.6 


53.5 


43.9 


56.1 


49.6 


50.4 


49.1 


50.9 


48.7 


51 .3 



50.7 
57.2 
48.4 
46.1 



49.3 
42.8 
51 .6 
53.9 



48.1 
49.0 
44.5 
55.5 



51.9 
51 .0 
55-. 5 
44.5 



Nursing 



1976- 1977 

1977- 1 978 

1978- 1979 
1980-1981 



3.3 


96.7 


3.4 


96.6 


5.5 


94.5 


8.6 


91 .4 


10.2 


89.8 


9.4 


90.6 


14.9 - 


85.1 , 


14.6 


85.4 



Education 



Social Work 



1976-1977 
1977r1978 
1978-1979 
1980-1981 



1976- 1977 

1977- 1 978 

1978- 1979 
1980-1981 



39.9 
30.5 
26.7 
32.4 



29.4 
26.8 
24.0 
16.3 



60.1 
69.5 
73.3 
67.6 



70.6 
73.2 
76.0 
83.7 



32.1 
30.6 
.27.4 
32.3 



29.0 
28.9 
16.3 
16.4 



67.9 
69.4 
72.6 
67.7 



71 .0 
71 .1 
83.7 
83.6 



*Note: 



At the time of writing this research paper we had not been able 
to obtain data on the 1.979-1980 academic year. 



TABLE 10 



PERCENTAGES OF STUDENTS BY GENDER WHO OBTAINED 
GRADES A, B, C, D, F. IN INTRODUCTORY MATHEMATICS DURING 
THE FIRST SEMESTER OF THE 1975-1981 ACADEMIC YEARS 



Academic 

Year % Male % Female 





A 


B 


C 


D 


F 


A 


B 


C 


D 


F 




1975-1976 


9.8 


15.2 


23.6 


21 .6 


29.9 


13.2 


15.4 


20.5 


20.5 


30. 


"5 


1976-1977 


21 .0 


14.1 


'16.0 


16.8 


32.0 


13.0 


11 .4 


12.1 


16.3 


47. 


3 


1977-1978 


17.3 


19.6 


17.9 


16.2 


29.0 


10.4 


12.3 


20.6 


17.3 


39. 


5 


1978-1-979 


13.3 


11.6 


13.4 


19.0 


42.6 


10.2 


11 ..6 


14.6 


19.9 


43. 


7 


1979-1980 


21.2 


17.3 


23.4 


16.4 


21 .8 


17.3 


23.1 


22.0 


18.3 


19. 


4 


1980-1981 


12.5 


14.4 


15.9 


23.6 


33.5 


11 .5 


12.3 


20,6 


18.0 


37. 


6 


1975-1981 


16.6 


15.5 


18.1 


18.8 


31 .0 


12.7 


14.5 


18.8 


18.4 


35. 

r 


6 



Conclusions and Recommendations 

a) In the Dominican Republic, few studies have been conducted in 
the area of "Women and Mathematics." 

b) The data signal a statistically significant difference in academic 
achievement by gender in mathematics. Male achievement in 
mathematics is better than female achievement in the populations 
studied. 

c) Ther%|have been no studies found which regard the variables that 
iffffuence the difference in achievement observed. 

d) An important factor is the socio-cultural influence that predis- 
* poses and determines the type of professional activity corre- 

# sponding to each gender: 

11 . . .It "seems clear that the development of formal structures in 
adolescence is linked to maturation of cerebral structures. 
However, the exact form of linkage is far from simple, since 
the organization of formal structures must depend on the 
social milieu as well." (Piaget and Inhelder, 1958) 

e) The different research studies that appear in this study have not 
been conducted within the theoretical framework established by 
theories of learning related to gender. Up to this moment, \there 
have beep no resulting activities, as a consequence of these 
investigations, promoting the development of interests, aptitudes, 
and attitudes favorable towards mathematics. \ 

f\ We recommend that local researchers become interested in finding 
the underlying causes of the differences observed by gender^ in 
the learning of mathematics, especialTy if new research based\on 
data at a national level should confirm the empirical data of ^he 
studies presented in this report. \ 
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g) Research in this area is extremely important because of the need 
to apply to the educational system the required correctives that 
would allow the amending, or at least the lessening, of the 
socio-cultural and other -possible negative factors which impede 
the learning of mathematics by the Dominican woman. It is impor- 
tant to include female talent in the scientific and technical areas 
that our society has traditionally reserved for males. 



• 

When we consider the Dominican woman's mass participation as 
teachers, especially at the primary level, the utmost importance of 
her mathematical education becomes clear. Primary teachers in 
our country have no specialized academic preparation by subject 
area. 

i) We hope that in the research on "The Teaching and Learning of 
Mathematics in Dominican Republic" (which will be conducted 

~ shortly), a model explaining how the gender variable must be 
studied in an urban and rural setting and in each type of school 
will be presented. In this way, the difference in achievement 
stated in this report may be fully supported or rejected. 
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Cender and Mathematics in England and Wales 

Zelda Isaacson 
Department of Teaching Studies 
Polytechnic of North London 

Central to the issue under discussion is the fact that although the 
curriculum in this country has been and still is differentiated by both gen- 
der and class, especially in the sciences and in practical and technical sub- 
jects, mathematics has been considered a core subject, and has been stud- 
ied in one form or another, by almost all children up to the end of compul- 
sory schooling. Gender differences in mathematics achievement have, .as a 
result qone largely unnoticed, whilst much attention has been paid to such 
differences in science. As long ago as 1918, the Thomson Committee was 
reporting on the general inferiority of laboratory accommodation and equip- 
ment in girls' schools, and the "lack of systematic teaching c of physics to 
girls" (Jenkins, 1979, p. 178). , In recent years many researchers have 
contributed to our knowledge in this field (e.g., Dale, 1974; Ormerod, 
1975; Kelly, 1979; Harding, 1981), and the publication this year of The 
Missing Half- Girls an d Science Educatio n, edited by Alison Kelly 11981). 
has brough t together much of this research in a comprehensive and enlight- 
ening survey. Much of this work is, in fact, of relevance to mathematics 
educators. For example, mathematics is one of the sciences studied by. 
Weinreich-Haste (1981) in her work on the male image of science and by 
Harding (1981) in her work on 'sex differences in public examinations. 

The realisation is now growing, however, that the problem of girls' 
underachievement in mathematics is separate from, although clearly in many 
respects related to, that of science. There has been a rise in the number 
of research projects being undertaken in this specific area, and a national 
association (GAMMA - Girls and MatheMatics Association) has been formed to 
encourage such research and raise awareness about the problem. 

The areas of interest which have been identified, so far, as being <bf 
central importance are: the actual performance of girls + as compared , with 
that of boys in national surveys and tests (e.g., the 11 , the APU ) and 

1 ln England and Wales children normally enter secondary school in the 
year in which their twelfth birthday falls. Until recently, the majority 
were channelled into two distinct types of secondary education on the basis 
of '11 1 tests of verbal reasoning, English and arithmetic. These deter- 
mined whether a child would go to a selective, grammar school or a non- 
selective secondary 'modern' school. Grammar schools offered their pupils 
a more seriously academic education and expected many of their pupils* to 
go on to further study, usually at a university. Secondary modern schools, 
took the Q 11 failures and offered a less demanding* course of study with 
fewer options. In addition to being selective by ability, grammar and 
secondary modern schools largely catered for middle and working class 
children respectively, although this was not the intention of the planners 
of this system. In the 1960's and 1970's, much of the country was re- 
organised into a comprehensive system of secondary schools which take the 
full range of ability (excluding physically and mentally handicapped chil- 
dren) . ** 
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in public examinations (CSE, 0- and A- levels); problems related to the 
transition from primary to secondary schooling; and some underlying vari- 
ables which might throw light on these. These variables include: 

CD- The organisation of schools and teaching groups, especially with 
respect to mixed and single-sex groupings. 

(2) Curricular differences which might affect mathematics performance 
at the compulsory stage and choice of mathematics at a later 
stage. 

(3) Additudinal factors, such as those to do with linking, confidence, 
and the perceived importance of mathematics. 

(4) Sexism in mathematics texts and other classroom material. 

(5) The socio-political perspective. 

Interested groups include mathematics educators and those concerned 
with the sociology and/or psychology of education; bodies such as the Equal 
Opportunities Commission and the Schools Council; and feminist groups. 
Mrinate ability 1 theories do not find many supporters among these groups. 
The feeling, rather, is that educational, societal, and attitudinal 0 differences 
are more likely to be crucial and must be investigated first. The remainder 
of this paper will be devoted to describing the research which has been 
carried out in this country. 

Achievem e nt at 11 and in Public Examinations: The Primary/Secondary 
Transition 

Wheh most secondary education was selective, there was a careful 
monitoring of the tests of verbal reasoning, English, and arithmetic which 
were given to children in their last year of primary school. This provides 
us with useful data on the relative achievement of girls and boys in mathe- 
matics at age 11. The recent upsurge of interest in gender differences in 
education has highlighted the fact that girls, on the whole, did better than 
. boys in all three types of 11 test. However, as it was considered 'unfair 1 
to offer grammar school places to more girls than boys, the pass mark was 
set higher for girls than it was for boys, with all this implies in terms of 
future opportunities. More recently, the Assessment of' Performance Unit 
Primary Mathematics Survey (DES, 1980) has yielded the following informa- 
tion: 

The data on sex differences show a slight, and generally non-sig- 
nificant, advantage to the boys in most sub-categdries, but girls 
perform significantly better statistically in computation (whole 
numbers and decimals), (p. 72) 

What is striking about this evidence is that girls have maintained their 
superiority in computation and that in other areas of mathematics, which 
were not previously investigated, no significant differences between girls' 
and boys' performance at age 11 have been found. 
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Publi'c examinations at 16 and beyond offer the next possibility for 
comparison using hard data. They show that girls lose ground relative to 
boys after the age of- 11 and that, as the level of difficulty increases, so 
the numbers of girls relative to boys achieving success decline (see Table 
1). (It is interesting, however; that the proportion of girls achieving 
success at each of these levels has been steadily increasing over the years. 
At 0-level, for example, girls have improved from obtaining 33.3% of the 
total number of passes in 1967. to 39.6% in 1978.) 

One major piece of research for which a pilot study has already been 
carried out (Eynard and Walkerdine, 1981) is seeking to investigate this 
"discontinuity of the 'mathematical attainment of girls" (p. 84). Eynard and 
Walkerdine intend to follow a group of girls from the primary to the second- 
ary school in order "to examine the changes which occur in the education 
and experiences of girls" (p. 84). They discuss with some rancour the. 
attempts of many researchers and educationalists to "play down the early 
performance of girls" and attribute it to "just, simply or only something or 
other" (pp. 5-6) (e.g., 'only' low-level computational skill). They argue 
very strongly that girls' achievement at age 11 Js real, and that, rather 
tflan explaining this away, we must study the processes by which this early 
success is transformed into a later, relative failure. 

Mix ed and Single Sex 

The 'mixed or single-sex' variable has been studied in Stamford second- 
ary school by its deputy headmaster (Smith, 1980). Teachers had noted 
the rapid decline in mathematics performance of girls in their school and 
therefore decided to organise some of their pupils into single sex sets. 
Two sets, one of girls and one mixed, were then matched for intake. Smith 
found that within 18 months of as near-identical educational treatment as 
possible, the mathematics performance of the girls in the mixed set had 
declined markedly, both in relation to that of the boysjn their class and to 
that of the girls in the all-girls set. The girls in the all-girls set, how- 
ever, had held their own relative to the boys in the mixed set. After the 
experiment had ended and they had been put into mixed sets, the girls who 
had been in the all-girls class for two years reported that, they had pre- 
ferred their all-girls class and had found it easier to study in that environ- 
ment. • 

These findings point in the same direction as research which suggests 
that girls in girls' schools* are more likely to choose science and mathematics 
(e.g.. Dale, 1974; DES, 1975; Omerod, 1975). For example, the Depart- 
ment of Education and Science Survey, "Curricular Differences for Boys 
and Girls" (DES, 1975), shows that, of those fourth and fifth form girls 
who were offered physics as an option, 23% of those in girls' schools as 
compared with 15% of those in mixed schools chose physics (p. 13). At 
A-level, the comparative figures for girls choosing mathematics and physics 
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Single sex Mixed 
Mathematics 19% 12% 

Physics ,12% 7% 
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TABLE 1 

MATHEMATICS EXAMINATIONS 1978 
ENGLAND AND WALES 



entries graded percentage awarded 

results grade 1 grade 5 

or better 



CSE girls - 207 767 

boys 202 278 
girls as % of total ' 50.7 



entries 



181 904 
180 662 
50.2 



.2.3 
15.6 



87.6 
89.3 



passes-grades 
A-C 



percentage pass 
rate 



O-LEVEL girls 
boys 

girls as % of total 



126 125 
165' 632 
43.2 



entries 



66' 123 
100 711 
39.6 



52. 4 

,60.8 



passes - grades 
A-E 



percentage pass 
rate 



A-LEVEL girls 
boys 

girls as % of total 



17 028 
58 188 
22.6 



11 849 
39 803 
22.9 

i_ 



69.6 
- 68. 4 



Figures taken from: 

Department of Education and Science (1980), 
Statistics of Education 1978, Volume 2, HMSO 



Note: CSE (Certificate of Secondary Education) and O-level (Ordinary 

Level) are normally taken at age 16. O-level is a higher grade qual- 
ification than CSE. 

A-|evel (Advanced Level) is normally taken at age 13. 



ERIC 



Other ^contributing factors need to be taken into account, however, 
such as the ethos of the school and whether or not it has a selective in- 
take. Thus, in their survey of secondary schools "(DES,, 1979) , HM Inspec- 
tor's comment that "the infrequent uptake of physics • by, 'girls in .girls' 
modem schools reflected traditional attitudes to this subject .in some of. 
these s chools" (p. 168) (my emphasis). -This survey confirms, however, 
that when grammar -schools alone are looked at, girls in girls' school's are 
more likely to study physics than girls in mixed schools. (There were too 
few single-sex comprehensive schools in the survey to allow valid compari- 
sons to be made.) | 

Some researchers {hypothesise that pupils who do not study science-are 
disadvantaged in mathematics. (One such study will be discussed below.') 
If this is so, then girls in some mixed schools may be doubly disadvan- 
taged— both directly in mathematics classes and* indirectly through the. effect 
of mixed schooling on their choice of science and hence achievement in 
mathematics. 

Differences in the Curriculum and the. Effect on Mathematics Perform ance 

Evidence suggesting that pupils who study physics or technical sub- 
jects do better at mathematics than those who do not has been provided by 
Sharma and Meighan (1 980)". Their work also shows that whether pupils 
have studied these subjects is a better predictor of success In mathematics 
than is their sex. Sharma and Meighan looked at six categories of entrants 
to one particular 0~level Mathematics examination—the Cambridge Local 
examination held" in 1977. Twenty-five candidates were selected at random 
from each of the following categories: (1) girls who ha^ also entered for 
physics O-level, (2) girls who had also entered for Technical Drawing 
O-level (3) girls who had entered for neither, and (4) - (6) three boy- 
categories similarly defined. Analysis showed that the best candidates were 
those who had also studied physics, the next best were those who had also 
studied technical drawing, and the worst were those who had studied nei- 
ther. This was true for both sexes, and there was little to choose between 
girls and boys in any one subject category. As far more boys than girls 
study these subjects, as well as craft subjects such as woodwork and 
metalwork, this curricular variation, it is suggested, affects not only girls 
achievements in the subjects themselves but also their performance in the 
compulsory subject mathematics. We have no way of knowing how many 
girls drop down from O-level to CSE in mathematics ( as a result of such 
curricular variations. • : 

Attitu dinal factors i 

.' Attitudes toward mathematics have been studied' by Preece (1978, 1979) 
and Sturgeon (1 979). Preece tested 1 250' ehildren at the beginning and end 
of their second year of secondary schooling (age 12-13). She found that in 
the course of the year "the overall (attitude) scores for the boys increased 
slightly while those for the girls dropped, a swing to many more negative 
responses from the girls being clearly apparent" (Preece, 1979 , p. 28). 
She comments on careers that teachers who reported "clear signs of girls 
moving away from preferred choices of career simply because, a mathematics 
entry qualification was required" (p. 29), the implication being that girls 
career choices are affected significantly by their attitude toward mathemat- 
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ics. Isaacson and Freeman (1980)\ however, in a response to Preece, poipt 
out that it is equally likely that "girls may well turn away from mathematics 
and 'change their career choices primarily because, their careers are hot 
' v^ery important to them" (p. 25). Further research is needed to determine 
the direction df causality. Sturgeon (1979) found that 50% of the boys 'she 
interviewed, but only 25% of the girls, said that math would be usefiil to 
*themJh work/ (Tfo6 children she interviewed were a sample of those now 
. in -their third year, who . had been tested by Preece the previous year). 
^Sturgeon also found a. tendency of the more-able girls to underestimate 

, their own ability in mathematics. Further evidence of girls 1 poorer self- 
concept is provided ■ by a small study carried out in her own sclVool by 
Russell* (1981),. She found that when she asked fifth form girls arid boys 
and their teachers to predict their success in the forthcoming / O-level 
examination, more boys expected to pass than were expected to /pass by 
their teacher, whereas fewer girls expected to pass than were expected to 

1 do so by their teachers. Although the 'research evidence on attitudes is 
scanty, it jdoes at least point in the iame direction as the ^rass-roots 
knowledge of teachers who work with girls during the secondary school 
years. Many. .teachers* comment on girls' relative lack of confidence, and 
their unwillingness to apply themselves when the going gets totigh--a 0 rea- 
sonable resjiorisfe if. you believe that mathematics is not very important for 
your future. These attitudinal factors may well account for at least some of 
the under-achievement of- girls in acquiring higher level mathematics qualifi- 
cations. As Isaacsorf (1980) comments, girls who are not allpwed to drop 
out of mathematics nevertheless can a|nd do drop down (in attainment and 
ultimately in level, of examination taken/). - 

Sexism i n Mathematics Textbooks ~i 

Sexism in* mathematics' classroonh materials and text-bpoks has ^been 
little .investigated in this country. - Although at present we lag far behind 
other parts of the world in this, it is j recognised a§ an important issue, and 
one in which much work Is needed. L * / 

The Socio-Political Perspective \ / , * c 

Debate' in this country has t beeVi informed and enlivened by much 
socio-political discussion concerning gender in education, /including work bn 
classroom interactions, the construction \of feminity in the classroom, and so 
1 * on (gig., Sharpe, 1976; Marks, 197£;\Byrne, 1978; Wblpe, 1978; Deem, 
1 980 ^ Spender and Sarah, 1981). The- mathematical education of girls has, 
in \ this context, been seen as just one\facet amongst /many in a society 
wh^re careers and jobs are still regarded as being more/ crucially important 
for | boys, while girls must be educated \for home-making and mothering. 
: Additionally, even those groups in'socifety which have lojhg encouraged their 
daughters to gain an education and contribute to society have seen this 
contribution * as being more appropriate if it\was not in 'the fields of science 
or technology. * ( 

" \ 

Summary and Conclud ing Remarks f \ I 

At the end of primary schooling in this country j that is at the age of 
11, there is little to choose between the mathematical attainment of girls and 
boys. By the age of 16, the end of compulsoiW secondary schooling, girls 
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have fallen, behind boys in their attainment, particularly in the higher 
grade O-levH examination. This trend continues to A-level and beyond. 
Variables which have seemed to be of particular importance and have been 
studied, include; \ 

(1) mixed and single sex groupings, 

(2) curricular variables, especially in science and technical subjects 

' V ' & 

(3) attitudes to mathematics, and 

socio-political variables. 

As well, much of the work on 'gender and science' , of which there is a 
great deal, is relevant to those interested in- 'gender and mathematics, ' 

Clearly, these variables are interrelated, creating a complex arena. 
Much work remains to be done, both in ascertaining more clearly the causes 
of girls' relative underachievement in the higher reaches of mathematics and 
in devising strategies for effective change. 



) 
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Cender and Mathematics in India 

Viji Sundar 
Department of Mathematics 
California State College, Stanislaus 
Turlock, California 

It is difficult to talk about "gender and mathematics" in a country 
where the effective literacy (people who can read and write) rate for the 
population is 29.4% and the male and female literacy rates 3^.5% and 18.7%, 
respectively (see Table 1). It is recognized that sex stereotyping may 
exist in the instructional materials - used in. elementary schools or more 
specifically within elementary school mathematics textbooks. No major study 
has been done to evidence the sex bia>-in school mathematics textbooks. 
This problem of identifying "genderygnd mathematics" is a relatively new 
one for the Indian Educational systerei. 

However, interest in "gender and education" has been growing in India 
throughout the last decade. This in itself is very significant because of 
the sex-segregated character of the society, the condition of poverty, and 
the traditional value systems—which are different and sometimes mutually 
conflicting. 

The education of women was sadly neglected in the past, and conse- 
quently there is a wide disparity between the general educational attain- 
ments of men and women and between girls and boys at all stages of educa- 
tion. Because of this, since Indian Independence in 1947, special efforts 
have been made to close the gap between the education of men and women 
in as short time as possible (see Tables 2 and 3). 

In recognition of the importance of the education of girls and women in 
accelerating socioeconomic* development, the government has formulated a 
variety of measures from time to time in this direction. Special programs 
for the promotion of girls' education were initiated as early as 1957-58. The 
main schemes initiated were provision of attendance scholarships for girl 
students, appointment of school mothers, construction of quarters for 
women teachers, and payment of stipendsfor teacher training courses. It 
was observed that there had been a gradual but progressive increase in the 
enrollment of girls over the plan periods and that the gap in the education 
of boys and girls appears to have been narrowing down during the last two 
decades. At the end of 1977-78, 68% of girls in the age group 6-11 years 
are reported to have attended primary schools as against 32.4% at the end 
of the first plan. Bythe end of 1977-78, 71 million in the age group 6-11 
years were going to schools and girls constituted 39.3% (2.8 million) of total 
school-going children. As for the attendance in age group 11-14, the 
enrollment was 18 million girls, accounting for 31.2% (6 million) of the total. 
At the end of 1957-58 the percentage of girls attending primary/ middle 
schools was 32.4%, whereas in 1977-78, it had increased to 68.2% in the 6-14 
age group. Enrollment for secondary education increased from 0.17% in 
1950-51 to 10.7% in 1977-78. 

Indian women have made significant contributions to the cultural, 
fducational, and political leadership of India through the ages. In fact, 
the University Education Commission said that there could not be "an edu- 
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TABLE 1 

ACHIEVEMENTS IN ADULT EDUCATION IN INDIA 



(millions) 



1961 1971 



Age Literates Ill iterates Literates Illiterates 



Hoi Percentage ~Ho~. Percentage No. Percentage No. Percentage 



5-14 


33.66 


29.5 


80.32 


70.5 


53.10 


35.2 


97.68 


64.8 


15-24 


26.33 


36.0 


46.88 


64.0 


43.65 


' 48.2 


46.92 


51 .8 


25-34 ' 


19.23 


28.5 


48.19 


71 .5 


26.79 


34.8 


50.22 


65.2 


35+ 


26.27 


22.3 


91 .77 


77.7 


37.84 


25.2 


112.29 


74.8 



I 
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TABLE 2 



ENROLLMENT TARGETS AND ACHIEVEMENTS IN 
FOURTH AND SIXTH PLANS 



(millions) 



* 


1 969-70 


1973-74 


Sixth Plan 
Target 
1978-83.2 


1 978-79 


6-11 

1 Classes l-V Boys 
4 

Primary level Girls 


34. "7 
(95) 

20.71 
(50) 


39.68 . 
(100) 
24.03 
(65) 


50.2 
(111) 
41 .0 
(96) 


43.96 
(100.2) 

28.80 
( 67.8) 


TOTAL 


55.48 
(73) 


63.71 
(84) 


91 .2 
(103) 


72.16 
( 84.5) 


c 

11-1 4 

Classes V I— V 1 1 1 Boys 
Middle level uim» 


9.27 
(47) 
3 .70 
(20) 


10.51 
(47) 
4.53 
(21) 


18.0 
(64) 
10.8 
(44) 


12.14 
( 49.2) 
5.98 
( 26.0) 


TOT A L 


1 2 .97 
(34) 


15.04 
(35) 


28.8 
(57) 


18.12 
( 38.1) 


1U-17 Classes IX-XII Boys 
Secondary level Girls 


4.72 
(27) 
1 .60 
(10) 


5.41 
(28) 
2.06 
(11) 


101 
(31) 
43.0 
(10.4) 


5.86 
( 25.6) 

2.46 
( 11.5) 


TOTAL, 


6.33 
(18) 


7.47 
(20) 


" 144 
(23) 


8.32 
• ( 18.8) 


17-23 

University stage TOTAL 


2.23 






4.21 


Provisional; 2 Source--Draft Sixth Plan 1978- 
NOTE: Enrollment ratio has been worked out 
p O ieses indicate enrollment as percentage 
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83 (revised) 

on the basis of old population projections; figures in 
j of the population of the relevant age-groups. 



TABLE 3 



ACHIEVEMENTS AND TARGETS, AT DIFFERENT LEVELS OF EDUCATION 

(millions) 





1950-51 


1955-56 


1960-61 


1965-66 


1978-79 


Sixth Plan 
targets 
1982-83 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


Number of pupils in classes I to V 


19.15 


25.17 


34.99 


50.47 


72.39 


91 .20 


in age group 6-11 s ( 


HZ • 0 


dZ . o 


CI ft 


7o .7 


84 .5 


103.0 


Numoer or pupns in classes vi to vill 


3.12 


4.29 


r —7 r\ 

6 .70 


10.53 


18.01 


28.80 


Percentage thereof to. total population 


12.7 


16.5 


22.5 


30.8 


38.1 


57.0 


Number of pupils in classes IX to XI/XII 


1 .22 


1 .88 


2.89 


5.04 


9.08 


• 


Percentage ^hereof to total population 
in age group 14-17 


5.3 


7.4 


10.6 " 


16.2 


20.5 




Number of pupils at the university stage 
arts, science and commerce 


.36 


.63 


.89 


1 .49 


,3.03 




Percentage thereof to total population 
in age group 17-23 


.8 


1 .4 


1.8 


2.7 


4.1 




Percentage of/Students reading science 
at university stage 


» 37.8 


33.0 


26.9 


29.5 
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cated people without educated women ... and that if education had to be 
limited to men or women, that opportunity should be given to women, for 
then it would most surely be passed on to the next generation: I .may be 
pointed out that the deity of the Hindu Pantheon chosen for knowledge, the 
creative arts, and the intellectual life is the-Goddess Sarasvati . 
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Gender and Mathematics * in Ireland 

P.J. McCuinness 
E.E. Oldham 
School of Education 
Trinity College, Dublin 

Int roduction * 

1 

The subject of gender and mathematics is now attracting some attention 
in Ireland. This attention seems to-be concentrated mainly on the achieve- 
ments of girls in the national examinations, and particularly on the participa- 
tfon rate of girls in senior mathematics courses. The low participation rate 
is not new, but concern over it is of comparatively recent growth; ^investi- 
gation of the problem is still at a fairly superficial level, and no substantial 
empirical findings with sex as a major variable have yet been published. 
Thus, per force, the main concern of this pa^er is the changing attitude to 
girls' study of mathematics. 

The historical facts of the situation—the salient features of the Irish 
education system, and the actual courses open to girls— are described in 
the second section. In the third section there is a discussion of factors 
which seem to have been of particular importance in determining the evolu- 
tion of the courses. The last summarises the type of evidence that has 
already been collected on girls 1 participation and performance, and outlines 
possible developments in the future. 

Historical Backgroun d 

Ireland has a centralised curriculum and examination system, in that 
school syllabuses are decreed, and major national examinations are conduct- 
ed, by the Government Department of Education. This centralisation, 
together with a tradition of offering very little choice of syllabus in the 
major subject areas, has produced considerable uniformity of curriculum in 
Irish schools; this makes it comparatively easy to identify main lines of 
development. In the case of mathematics courses, the developments can be* 
, traced back to the nineteenth century, when the present system began to 
take shape. 

State intervention in Irish schooling dates from 1831. As a result of a 
decision made in that year, "national" schools were established; they pro- 
vided basic education in. various subjects, including arithmetic and, in some 
cases, other branches of mathematics (Atkinson, 1969, pp. 93, 99). A 
typical version f Twenty-second Report, 1856, p. 122 ff.) of the programme 
specified a common arithmetic course for the three most junior classes, but 
a more demanding course for boys -than for girl>s in the remaining three 
classes; in particular, the boys 1 course included a little elementary geome- 
try, while the girls 1 did not. Similar variations are found between the 
training programmes for male and female teachers in national schools (Six- 
teenth Report, 1950, p. 303). 

With the growth of the distinction between first and second level 
education, national schools became identified with primary education, of 
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which ,th<*y are still the main providers. Their tradition of differentiation 
in mathematics on grounds of gender lasted, .in modified form, up to the 
end of the 1960's,' when "Algebra /and geometry (were) taught in some 
schools $ut (were) not obligatory ! in the . smaller schools or in classes 
taught 'by women" (Investment, 196$," pp. 6-7). However, a new primary , 
curriculum, introduced In 1971, prescribes a more typically modern and 
"integrated mathematics course, taught to, and by, both sexes. 

A similar pattern of evolution can be seen at second level— again 
dating from the nineteenth century. The present secondary examination 
system has its origins in the Intermediate Education (Ireland) "" Act of 1 978. 
As a consequence of this Act, a system of public examinations was insti- 
tuted and hence programmes of study were established (Atkinson, 1 969, 
pp. 114-115); and, as in the national school programme, the regulations 
affecting ^mathematics were less stringent for girls than for boys. The 
nature of the concessions varied over the years: initially, they allowed 
girls (but not boy^kjo obtain a pass in mathematics by passing in arithme- 
tic alone; later, boyshad to offer a mathematical subject in the exarrfMsa- 
tipn, whereas girls did hot (Tansey, 1978, p. 219). 

A further Act in 1924 recast the secondary examination system in 
oftertively its oresent form. Nowadays there are two main examinations, 
the Tgt'ermed iate Certificate (taken, typically at age 15+, at the end of the 
)cjnior cvcle) . and the Leaving Certificate (taken, typically at age 17+, at 
the end of the Senior cycle) .. Girls' participation in the Intermediate Cer- 
tificate has been the subject of various concessions, again altering somewhat 
over the years. One of the most notable features, for much of the .time, 
was the provision of a special Intermediate course in "Elementary Mathemat- 
ics " open only to girls; also, boys had to pass mathematics, in order to 
obtain their Intermediate Certificate, whereas girls were* mot required to 
present the subject at all at the examination (Tansey, 1978, pp. 221-228). 
However "Elementary Mathematics" was examined for the last time in, 1968. 
In the following year, "Mathematics" was offered at two levels— "lower", and 
"higher"--with no distinction being made between the regulations for boys 
and for girls. In contrast to the situation for the Intermediate Certificate, 
the Leaving Certificate courses never made different pnbvision for the 
sexes; so, from 1969 onwards, there has been no sta\u)Ory difference in 
the secondary school requirements for the mathematical education of boys 
and girls. 

' Altogether, therefore, it can be seen that the mathematical courses in 
Ireland no' longer cater separately for boys and girls, but that this new 
tradition of equality is only aboutSen years old. To complete the picture. 
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1 There are also a few "private" primari schools. 

2 ln the interests cff brevity, no reference has been made to types of second 
level education other than secondary; however, the major 'conclusions 
stand. (Secondary .schools, which are^fhe "grammar schools" or "gymnasia" 
of the system, contain the majority of second level students.) 

3 The requirements and syllabuses are given in : ^ Rialacha aqus Clar do leith 
M e ahscoileanna- ( Rules and Program me for Secondary Sch ools) (Dub I i n : The 
Stationery Office, published annually). 
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it remains to point out one other important factor df the Irish education 
system. Compared with that in some countries, a very high percentage of 
students (of the order of 90%) follow examination courses, with more than 
50% of the ag.e cohort remaining in .school to take the Leaving Certificate 
and as the Leaving Certificate is not a specialised examination, over 90% of 
these take mathematics. Thus, few girls drop Mathematics altogether 
during their school career. However; most of them j take Only the Ordi- 
nary" ratherlthan the "Higher" Leaving Certificate bourse, and • this has 
implications particularly for entrance to third level education .y This matter 
is considered again in the following sections. j 

First, however, an attempt must be made to identify the changing 
attitudes to the mathematical education of women which have produced the 
situations described above. The attempted analysis is presented in the 
next section.' • . 

■ ■ 1 

Fac t o r s In/luenc ing the Provision of Mathematics Cou rses 

In looking at the provision of mathematics courses, and at the growth 
and ttyen decline in the special regulations for girl£, it seems possible to 
identify four major contributory factors. These are: 

- the specification of syllabuses in the nineteenth £entury; 

- the" influence of the Roman Catholic church; - 

- socio-economic developments in the last twenty *Vears; 

- the growth of the women's movement. 0 

These will be discussed in turn. 

The reasons for specifying different syllabuses for boys and girl s in 
••^the ninetee nth century , are related to the social conditions and to the role 
- oT~wBmen"at the time. An investigation of such aspects is outside the scope 
jof tnWpaper; it suffices to remark that they helped to establish a tradition 
/" which had a particularly. widespread and lasting effect. The Intermediate 
Board regulations, in particular, may have- been a mixed blessing for wo- 
men's mathematical education. The fact that girls' schools were included in 
"the scheme at all led to favourable comment from contemporary writers; , the 
immediate effect of the Act *was' .to extend the range of Subjects available in 
girls' schools (Oldham, 1897, p. 257), with female students having to show 
that they were "capable of grappling even with Mathematics" (Alexandria 
College, 1919, p. 13). Nonetheless, it might be argued that the accep- 
tance, in principle, of reduced mathematics courses for girls, and the 
further institutionalisation of this principle with the introduction of the 
"Elementary Mathematics" course, in the long term did women's mathematical 
education more harm than good. 



4 See the statistical reports issued by the Department of Education; for 
example, Tuarasc3il Staitistiuil (Statistica l Report) 1976-77 (Dublin: The 
Stationery Office, undated) , pp. 32-54. 

5 Recall that' 'it 'is only about. -ten years since the different syllabuses for 
boys aiid for girls were finally abolished. 
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However perhaps the situation was inevitable in the context of the 
times As has already been indicated, that is too large a subject to be 
treated generally in this paper; but one aspect does require mention: the 
influence of the Roman Catholic church , especially through the convent 
schools. 'For most girls, secondary education meant education in 3 convent 
school,' run by an order of nuns. These schools have made—and are 
continuing to make— an enormous contribution to Irish education, and nowa- 
days' are quite likely to be at the forefront in encouraging girls to take 
scientific and technological subjects; but in the earlier part of the century, 
they accepted and actively promoted a I'traditional" role for women; a role 
concerned with marriage and home-making, and in which mathematical educa- 
tion had littre part. This can bo seen from the annual reports of the / 
Conference of Convent Secondary Schools (CCSS). A number of these 
reports explicitly welcome the reduced mathematics course for girls; one 
even indicates thajt the total exclusion of mathematics from the girls' curric- 
ulum had been considered (although rejected), and there are accounts of 
discussions on the subject with the Minister for Education of the day 
(Tansey, 1978, pp. 164-167). While the extent of the influence that the 
CCSS had on the Department is not known, its influence on the pupils in 
convent schools must have been considerable (Tansey, p. 167). 

As indicated above, there has been a radical change in the thinking of 
the CCSS in recent times (Tansey, p. 168). This is an instance of a 
general trend: socio-economic d ev elopments in the last twenty years have 
oroduced many alterations in Irish society; and these have led, among other 
things, to a less restricted view of the role of mathematics for women. 
Once again, a detailed analysis' of the situation is outside the^ scope of this 
paper; no attempt can be made to identify all the agents of change and the 
relationship between them. Instead, it must suffice to pick out three 
"milestones"— significant events occurring during the period— each of which 
seems to have made an important contribution to the new role for mathemat- 
ics. They are: 

- the publication of the influential report Investment in Educa tion; 

- the development and expansion of the Irish education system in 
the 1960s and early 1970s; , 

- the economic recession, starting in the mid-1970s. 

These will be discussed in turn. 

# 

The report Investment in Education (1965), initiated by the then 
Minister for Education in 1962 and organised in co-operation with the OECD 
(p. ii) is widely regarded as having brought a new, system-oriented and 
statistical approach to the study of Irish education. Among the facts and 
figures to which it drew- attention were the shortage of- qualified mathe- 
matics teachers (pp. 272-274), especially women (p. 340), and to the low 
rate of participation by- girls in what fi is now called the Higher Leaving 
Certificate mathematics course (p. 279) . While these' facts may well have 



The text refers to successful participation by girls, but takes this as an 
indicator of the totaf rate of participation. 
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been in accord with people's tacitly held beliefs about the situation, and 
thus may not have come as a surprise, yet their presentation in starkly 
statistical form does seem to have coincided with a recognition that the 
situation could be Regarded as problematical. ^ 

Even before the publication of Investment in Education , changes had 
begun to take place in what for decades had been a very stable and static 
education system. The expansionist, egalitarian atmosphere of the 1960s 
tended to produce demands for broader curricula and easier access to dif- 
ferent subject areas; participation in second level education grew rapidly, 
and the rigid separation of "academic" and "technical/practical" programmes 
(previously a feature of the system)- was relaxed. The curriculum develop- 
ment movement contributed to the general reappraisal. At the beginning of 
the 1970s, therefore, the education system was dynamic and developing to 
ay unprecedented extent; it was by this period that the last official con- 
straints and concessions on womerr's participation in mathematics courses 
were removed. 

Removal of restrictions, however, does not automatically produce a 
changed situation in the schools. Somewhat paradoxically, the world reces- 
sion of the mid-1 970s- 7 -which slowed down, the general rate of educational 
development in Ireland— seems to have been a positive force in encouraging 
girls' participation/in higher mathematics courses; for these courses carry 
great weight in the employment market and in gaining entry to third level 
education. The fact that Ireland is now deeply involved in the "new tech- 
nology" is adding to the demand for mathematically qualified people. It is 
perhaps this aspect, more than the concern of mathematicians and mathe- 
matics teachers for their own subject, that is producing the public demand 
for higher participation by girls. 

While the growth of the women's movement cannot easily be separated 
from the development of other socio-economic factors over the last twenty 
years, it is accorded independent discussion here for two reasons. First, 
the women's movement has presumably tteen influential in changing the per- 
ceptions of women's role in Ireland— a change <that is hard to quantify, but 
that does seem to have taken place. Secondly, it is proving to be a source 
-of academic research. . This aspect is discussed further in the final .section 
of this paper. • 

• r • • , 

The State of Research: Present and Future 

By now, a substantial amount of' evidence on girls' participation and 
performance in mathematics courses has been collected; and much of it 
tends to indicate that both participation and performance compare unfavour- 

V— . . • 
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Development can be measured in different ways, but the emphasis here is 
on government-financed research, and on curriculum' development and 
innovation. Funding for such projects has been affected by the recession, 
and openness to change seems to have been an indirect casualty*. " 

8 Tansey's dissertation, cited several times already in this -paper, is a 
notable example. „ " . 

t 
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ably with boys'. For example, the number of female entrants' for the 
Higher Course Leaving Certificate mathematics is only about a quarter of 
the total- and in, all the national mathematics examinations, the percentage 
o, female entrants achieving high grades tends to fall short of the percent- 
age of male entrants doing 9 so.* However, the discrepanc es eft not appear 
to be as great as they used to be (Tansey, 1978, pp. 95-106). 

The evidence for this comes essentially from the Government Depart- 
ment of Education statistics. In the past, these were not readily accessed; 
but Investment in Education set new standards of data collection and presen- 
tati o ' n and the Department now publishes statistical reports on a regular 
basiS ' Moreover, the work of Tansey has brought together the relevant 
figures for earlier years, and has put thffn in--at least for he academic 
community-a more readily accessible form." Thus, more detailed analyses 
of past trends can now be undertaken. 

Other studies widen the frame of reference, extending if beyond the 
national second-level examinations.- A report by the Department or. pr.mary 
education in mathematics shows that girls' performance was generally super- 
ior to that of boys in most of the areas tested; the findings were being 
analysed further.^ Another major study of mathematical ach.evement 
examined performance at the level of transition from pr.mary to post-pn- 
mary and reported 'that, at that stage, the boys were generally ahead of 
the girls (Kellaghan et al.-, 1916); but the sex-related analysis has not yet 
been pursued in any depth ™ In neither study was gender the major 
variable (in both cases, the focus was on the achievement of specific learn;; 
ing objectives): publication of such studies is stiH awaited in Ireland. 

The present state of social awareness of the problem has been noted 
above. As was pointed out, its concern is often with -manpower'' (person- 



>9 An Roinn QiHP^rh^is meoartment of Education) Tuar a scail S taitistmiU Sta- 
tistical Repor tX . ; (Dublin: T he" Stationery Office), nowadays Published 
appro ximately annually. Thus, figures can readily be obtained for the 
years 1974/75 onwards. 

10 Valid comparisons over the years are difficult to make both because of 
the altered nature and size of the entering cohort , and because of the 
very small numbers of girls involved in the earlier years. 

qi The contribution of Tansey's work to the present paper is gratefully 
acknowledged . 

12 An Roinn Oideachais, an tAonad Curaclaim, Tuairisc ar Theagasc na Hat- 
■amait ice sna Bunscoileanna (Dublin: July 1977), pp. Hi 13. 

1 Communication from Dr. J.' Close, who is associated with the research. 

14 Some relevant work is being carried out at the Economic 6 Social Research 
-Institute, Dublin, in the context of equal opportunities for women. How- 
ever the research is not specifically concentrated on mathematics. 
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power); for example, a recent report recommends that a "programme to 
double the number of boys and quadruple the number of girls taking higher 
level mathematics 11 should be set up and implemented, and also considers the 
problerp of teacher supply. But, perhaps to an even greater extent than 
with recent academic Research, such reports do not tend to look at the 
problem in any depth. 

Thus, it seems that conditions are now appropriate for much more* 
substantial investigations: investigations that would look more deeply at the 
reasons for the continuing imbalance between boys 1 and girls 1 participation 
and performance in mathematics— studies that would look not only at achieve- 
ment statistics, but also at other variables such as the role of the teacher, 
the age at which attitudes to mathematics are formed, and the prevailing 
approach in schools for the relevan t age groups. Such studies might form 
the basis of programmes of action in the future. At least at the time of 
writing, they look to be the most likely way forward in the search to im- 
prove the mathematical education of women in Ireland: 



1 5 Co nferences on Engineering Manpower for Economic Development: Con - 
clu sions and Recommendations . (Dublin, 1981)/ 

16 The problem of gender in mathematics is not usually the main concern of 
such reports. 
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Gentler and Mathematics in Israel 

Arieh Lewy 
School of Education 
Tel-Aviv University 

1 . Background 

The topic "gender and mathematics" has not raised great public inter- 
est in Israel; nevertheless, relevant data have been available in regularly 
published statistical reviews and studies almost continuously since the 
1950s. Information about sex differences in mathematics can be extracted 
from studies relating to the status of women in Israel and from statistics 
about school enrollment and examination "records, but in most cases such 
information- appears as a marginal aspect in studies focusing on other as- 
pects of the society or of the school system. It should be noted, however, 
that the status of women in Israel has been considered as an important 
issue in the political arena in election campaigns, in the mass media, in 
public discussions, and, parallel to these, in the field of academic research. 
In the last decade, several research studies were published on the status of 
the woman in work, in the court, in the family, in various ethnic subcul- 
tures, etc. The Henrietta Szold National Institute for Research in the 
Behavioral Sciences publishes a quarterly titled Current Research in Behav- 
ioral Sciences , and a -typical issue of this contains references to 8-10 
studies dealing with sex differences in Israel. 

In 1976 the Israeli Government appointed a public committee to study 
the. Status of the Woman in Israel. The committee was ^haired by a woman 
member of the Knesset (Parliament), and had 92 members. It was asked to 
prepare a report and to formulate policy recommendations. The report, 
published in 1978 (The Committee on the Status of the Women 1978) pro- 
vided detailed information about various aspects of the status of the women 
in the country. One chapter of the report deals with Education and Voca- 
tional Training. But even this chapter touches upon the problem of gender 
and mathematics only marginally. 

t 

« ■» • 

Occasionally small-scale studies dealing with gender and mathematics 
have been conducted in various Israeli universities, but they are "stand- 
alone" studies, and hitherto no systematic effort has been devoted to study- 
ing this problem in the country. One cannot identify research centers 
which have focused on this, problem, nor are there any individual research- 
ers in the country who are known as being associated with or devoted to 
research in this field. 

" „ At the general meetings of the Israel Educational Research Association 
(IERA) the topic of gender and mathematics has never constituted a theme 
for any symposium, and if lectures dealing with this topic were presented, 
they were included in sessions dealing with educational achievements in 
general. 
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2. Available Statistics 
Higher Education 

The Central Bureau of Statistics continuously provides information 
about the student population of universities in Israel. According to a 
recent publication, in the academic year 1979/80 the number of degrees in 
mathematics granted by all universities in the country was 453. The dis- 
tribution of degrees according to sexes is presented in Table 1 . 



TABLE 1 

ACADEMIC DECREES IN ISRAELI 
UNIVERSITIES IN MATHEMATICS IN 1979/80 



Degree 


Male 


Female 


Total 


Bachelor's 


.177 


180 


357 


Master's 


44 


21 


65 


Doctorate 


23 


8 


• 31 


Total 


274 


209 


453 


(Central Bureau 


of Statistics, 


1981 a ) 


• 



It can be' seen that at the bachelor's level no substantial differences 
appear between the number of male and fenpale students. As one proceeds 
toward the higher academic degrees the discrepancy between the sexes in- 
creases. Figures are also available about the proportion of females in the 
totel.student population studying mathematics (Central Bureau of Statistics, 
1981 ). Thirty-eight percent of students studying mathematics are female." 
It should be noted that at the Israeli universities the majority of the stu- 
dents study two major subjects. Among those who study mathematics as a 
single subject, 40% are females, while among those who study mathen&tics 
together with physics, only 8% are females. In the group of students 
majoring in mathematics and science, 38% are females; in mathematics and in 
some disciplines of the social sciences or humanities, 56% are females; in 
mathematics and" in statistics, 36%; and in mathematics and computer sci- v 
ences, 44% are females. It should be noted that the proportion of women in 
the mathematics departments of Israeli universities corresponds to their 
proportion among secondary school mathematics teachers. Forty percent of 
the secondary school mathematics -> teachers are women, while 60% of the 
secondary school teachers in the humanities and social sciences are women 
(Shapira, 1977). 



erIg 



-82- 



Relevant to this topic is the distribution of female and male students in 
non-academic tertiary education frameworks. 

TABLE 2 



STUDENTS IN NON 


-ACADEMIC 


TERTIARY EDUCATION (IN 


PERCENT) 


Sex 


Engineer- 
ing 

technical 


Banking 
account- 
ing 


Primary 
, school 
teacher 
training 


Para- 
medical 


Art Total 


Male 


59 


14 


11 


3 


13 ? 100 


Female 


5 


3 


63 


13 


16 100 



Table 2 reveals- striking differences between the sexes. The majority - 
of "males study engineering or related subjects, while the females tend to 
study in teacher-training institutes for primary schools. (Most of these 
teacher-training ins/titutes do not have academic status.) 

Secondary School' 

,No rational statistics are available about the distribution of boys and 
girls in mathematics studies in secondary schools. In the academic type 
secondary schools there is a school-leaving matriculation examination. 
Though mathematics is not' formally a compulsory subject of the matriculation 
examination, only a very small group of school leavers does not take the 
matriculation examination in mathematics. The reason for this is that univer- 
sities only rarely admit students who have net taken that examination. 
Nevertheless,, the mathematics examinations may be based on either cumula- 
tive 3, 4, or 5-point units. (A point unit represent a course studied 3 
periods per week during an academic year. Accordingly the 3 point unit 
represents 3 hours per week for each of three years during the grades 
9-12 of the secondary school, and a 5 point unit represents 5 periods per 
week over three years during the four* grades of the secondary school)., 

While national statistics are not published about the distribution of 
boys and girls in 3, «, and 5 point classes, it is of interest to present 
here figures from an occasional report on three secondary schools in Haifa 
(Hadar, 1981). Of course it is not known to what extent' this distribution 
is typical for other schools in the country. It can be seen that in all three 
schools more girls than boys take the less-demanding mathematics programs. 

As to vocational high schools, there is continuous growth in the num- 
ber of girls in the technical' specialization tracks. In 1980/81 the growth 
was 20% in comparison to the previous year, and 50% ha comparison to two 
years before; nevertheless, the overall percentage of girls in these tracks 
is only 9.1%. c 
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table 4 presents figures concerning t£e percentage of girls in various 
specialization tracks. 1 

Girls tend to avoid those fields of specialization which require a rela- 
tively high level of knowledge in mathematics (Ministry of Education, Depart- 
ment of Technological Education, 1981). * 

TABLE 3 

BOYS AND GIRLS IN VARIOUS MATHEMATICS 
PROGRAMS IN THREE SCHOOLS 



School A 

3 point program 
i\ point program 
5 point program 
All 

School B 

3 point program 

4 point program 

5 point program 
All 

School C 

3 point program 

4 point program 

5 point program 
All 



49 < 


73 


40 


20 


11 


7 


100 


100 


43 


71 


38 


16 


19 


13 


100 


100 


43 


69 


31 


30 


2.6 * 


1 


100 


100 



\ 



TABLE 4 

STUDENTS IN VARIOUS SPECIALIZATION TRACKS OF 
TECHNICAL SUBJECTS IN VOCATIONAL EDUCATION 



The track 



All students 
1980/1 



*% of 
girls 



Electronics 
Electricity 

Construction, mechanics 
Car repair, engines 
Computers 
Technical drawing 
Laboratory assistant 

All 



7236 
5808 
8956 
6934 
1161 
4410 
1002 

35507 



8 
5 
1 
3 
26 
30 
67 



9.1 
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3. Achievement Differences 

Information about sex differences in achievement in mathematics is 
available from general achievement surveys. The summary of the annual 
matriculation examinations contains relevant statistics. The last summary of 
the matriculation examination (for 1 980/81 ) scores, released by the Ministry 
of Education and Culture, provides separate means for boys and girls. The 
relevant data are presented in Table 5. 



TABLE 5 

AVERAGE SCORES AT THE MATRICULATION/ 
EXAMINATION 1979/80 
(PERCENTAGE) 



Subject 


Boys 


Girls 


Total 


Literature 


65.08 


68.63 


67.85 


English (as a foreign language) 


67.36 c 


61.23 


63.74 . 


Mathematics 


66.35 


69.15 


67.62 


Bible 


- "6-2v91 


65.29 


-64.26 






(Hadar 


. 1981) 



Surprisingly enough, the girls 1 average scores is higher than that of 
the boys. But the summary does not contain information about the type of 
examinations taken by boys and girls (i.e., the proportion of 3, 4, 5 point 
programs), and treats together all scores obtained on a 100-point scale in 
mathematics, without considering the type of program. One may assume 
that more girls than boys took the restricted 3 point program. 

Support for this assumption can be derived from a study of Lavi 
(1 980). .Lavi compared the scores of male and female applicants to the Haifa 
and Tel-Aviv universities on their entrance examination. She matched the 
male and female samples on the variables, place of birth, age, socioeconomic 
status and educational level of father, and found'* considerable sex differ- 
ences (males having higher scores) on the subtests of information, mathe- 
matics, and analogy. No differences were found on the subtests of vocabu- 
lary matrices and English as a foreign language. Lavi concludes that these 
differences are greater than those reported in other . Western societies. 
Reports on sex differences are contained in various achievement surveys 
conducted in the country. The Lewy and Chen (1976) longitudinal survey 
contains information about sex differences in mathematics in grades 4, 5, 
and 6 of the primary school. This' longitudinal survey is based on a sample 
of 3000 learners from 70 schools constituting a representative sample of the 
whole student population. The sex differences between the achievements 
aro separately calculated for students whose parents immigrated from devel- 
oping countries and for those whose parents immigrated from developed 



(industrialized countries). Such a distinction reflects the general interest 
prevailing in the country concerning the relative achievement level of these 
etwo immigrant groups of the Israeli population. The results (expressed in 
units of standard deviation) appear in Table 6. 



TABLE 6 

SEX DIFFERENCES IN MATHEMATICS ACHIEVEMENT 
(AVERAGE OF BOYS MINUS AVERAGE OF GIRLS 
IN UNITS OF STANDARD DEVIATION) 

Country of ori gin 
Grades developing developed 

4 ■ • .17 .11 

5 ' , .02 .04 
.6 I .12 .10 



It can .be seen that in all grades boys have higher averages than 
girls. The study does- not provide an explanation for the relatively small 
differences at grade d. Examining the tests of grade 5, one may assume 
that the lessening of differences is an artifact of the so-called "ceiling 
effect" of the tests us^d in grade 5. 

I 

A large-scale achievement survey conducted by Minkovitz et al. (1977) 
provides achievement data in mathematics in grades 1, 4, and 6 of the 
primary school. The focus of that study was differences in achievement 
among children whose parents immigrated to Israel from various countries, 
but attention was alscj paid to sex differences. The within-class partial 
correlation between sexj (male coded 1 and female coded 2) and achievements 
in mathematics, after 'controlling for classroom context variables, is: in 
grade one, -.06; in grjade four, -.04; and in grade six, -.01; which means 
that practically no substantial differences were observed between the 
achievements of boys and girls. 

An interesting study about sex differences of kibbutz children in 

achievements was conducted by Dar (1974)-. Dar 
40 between sex and the mathematical abilities subtest 
u. a y,w UM ...^...^..^ test and also a correlation of .40 between sex and 
scores of mathematics in "the matriculation examination (boys scoring higher 
than girls). Dar explajns this surprisingly high level of correlation between 
sex and mathematics among kibbutz children as an effect of the division of 
labor between men and women in the kibbutz. According to Dar, despite 
the egalitarian ideologyl.of the kibbutz, most women in the kibbutz work in 
services, and thus girls have low motivation to study mathematics. 

While most studies reporting on sex differences in achievements in 
mathematics do not attempt to explain the difference, Samuel (1980) focuses 
on identifying explanatory factors, rather than "merely measuring differ- 
ences. She examined the correlation between femininity and masculinity /and 



scholastic abilities and 
found a correlation of . 
of a group intelligence 
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level the correlations approached 0 for both sexes. 
A ttitude toward Mathematics 

Several studies touched upon the issue of attitudes of boys and girls 
he' degree oT importance attached to ^athema.ics by boys anc I g.rls The, 
about the magnitude of the differences. 



\ ; 



5\ 



Figure 1. Rating of interest in mathematics. 
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It can be seen that at the higher grade levels the differences in atti- 
tude toward mathematics between boys and girls are higher than at the 
lower grade levels. 

In a recent study, Lewy (1981) compared the attitude of seventh-grade 
boys and girls toward mathematics. Students of both sexes were asked to 
rate various subjects from the point oT*view of the importance .attributed to 
them, and to what extent they liked the subject. Table 7 contains relevant 
information. 



' TABLE 7 

ATTITUDE TOWARD MATHEMATICS 
(PERCENTAGE OF STUDENTS EXPRESSING 
HIGH POSITIVE ATTITUDE) 

Impor t ance " Liking 
Boys Girls Boys Girls 

88 87 52 50 



The differences between boys and girls are negligible; the majority of 
both genders attribute importance: to mathematics, but only about 50% indicate 
that they also like the subject. 

5. * Attempts to Reduce Ga ps 

Hitherto, no systematic attempts have been made to reduce achievement 
gaps* between boys and girls in mathematics. Very recently a proposal was 
submitted to the Ministry of Education and Culture suggesting the implemen- 
tation of a project which may contribute to reducing the gap between boys 
and girls both in mathematics achievement and in vocational aspirations 
(Hadar, 1981). 

The project consists of two major elements: (1) A teacher training 
program based on similar programs in the United States (Kreinberg, 1 980). 
It will guide teachers in how to study mathematics^ and how to create an 
awareness of the importance of mathematics in various occupational fields. 
(2) A special mathematics program for girls following the patterns of Mathe- 
matics for Girls" (University of California, Berkeley) and Mathematics with- 
out Fears (University of San Francisco). The project will be carried out 
by the Department. of Teacher Training of the Haifa Technion. 

6 . Summar y 

The present paper provides a summary of facts and concerns related • 
to gender and mathematics in Israeli society. While no < systematic and 
theory-oriented research has been conducted in the country about this 
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'topic, one may" identify several sources which contain relevant data. The' 
Ministry of Education and the Central Bureau of Statistics provide -statistics 
both about enrollment and achievements. Concern about sex differences in 
mathematics is demonstrated in official statistics and in achievement sur- 
veys. On the other hand, the topic has" not raised great interest, either 
among politicians' or among" researchers. The^olitical campaign about the 
status of women has not ? paid attention to the -issue of gender and mathe- 
matics, and researchers have not studied the problem systematically. The 
few studies dealing with the topic represent "stand-alone" attempts rather 
than a definable trend. 

The ^scattered statistics and studies produced in Jsrael suggest that 
there are rita substantial differences between the genders concerning mathe- 
matics at the primary school level. The differences become amplified at the 
secondary school level, while at the tertiary education level the achieve- 
ments again become more, egalitaran. 

Women are less represented in occupations which require utilization of 
mathematics at various levels; nevertheless, about 40 percent ,of secondary 
school mathematics teachers are women. 
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Gender and Mathematics in New Zeala.'nd 

Helen 1W. Wily § 
Christchurch, Teachers College 

Christchurch # 

~~~ " Up to the present, gender and mathematics has hardly commanded an 
active or wide-spread reaction in New Zealand-. Rather, among some groups 
there has been a qufetly growing interest in selected aspects and an aware- 
ness that here are issues which deserve further investigation and action. 
No comprehensive study has been undertaken, but specific topics have been 
and are currently subjects of research and investigation. There is every 
indication that this activity will accelerate in the future. Areas which have 
been studied include statistics' of participation and achievement, sex-stereo- 
typing, attitudin'al differences, \ vocations and careers, and ability differ- 
ences. < * 0 

Backgroud 

A study of gender and mathematics (the more familiar term in New 
Zealand is 'women and mathematics 1 ) must be viewed to a major extent 
within the context of the educational system and the changes, pressures 
and ideals within society which' affect it. In his annual report for 1939 the 
Minister Of Education stated: 

The Government's objective, broadly expressed, Ms to fensure that 
every person, whatever his level of academic ability, whether he 
be rich or poor, whether he lives in town or>country, has a right 
as a citizen to a free education of the kind for which he is best 
fitted and to the full extent of his powers: 

Through the next 40 years, with this policy of equal rights a basic tenet, 
attention in education was turned to providing facilities for attaining this 
goal of equal access as well as broadening the curriculum to meet individual 
needs. Up to the 1970s, New Zealand was generally accepted as an egalitar- 
ian and democratic society; but then there was a questioning of the reality 
of this assumption. All was not equal in practice; there was in evidence an 
uneven participation in education, a disparity in outcomes. In this .context 
some minority-groupings came under scrutiny, as to some extent did females 
who overall seemed to be lagging in mathematics. The 1970s brought a 
keener awareness of the changing role and status of women in society and 
in the employment field. During this past decade the women's movement 
has had a considerable influence; this movement, the Decade of Women, and 
the International Women's Year (1975) have done much to direct attention 
not only to women in general, but also towards particular areas> including 
the position of females in the education system, the extent X° which they 
avail themselves of their opportunities, and the many determining factors. 
A focus has thus fallen on mathematics, a key requirement for many posi- 
tions and careers. 

The women's movement has been instrumental in bringing together 
groups of women to consider their position and promote their cause. In the 
course of discussion, mathematics is at times mentioned. For example, in 
1 975 a Conference on Women and Education was sponsored by the Committee 



on Women and the Department of Education, its wide # recommendations includ- 
ing one on sex-stereotyping in mathematics texts (9)*.* This was: 

That when the current mathematics text books are replaced or 
supplemented, the new texts show an equal proportion of girls 
and boys in the illustrations,, and that the activities assigned to 
the sexes in the story problems are not stereotyped. 

These internal factors and influences from overseas such as articles in 
journals, research reports, and International Mathematics Conferences like 
ICME III and IV, have all contributed to % the present debate about gender 
and mathematics in New Zealand. 

In order to provide some further information regarding the back- v 
ground, a few selected references are given in the bibliography (1, 4, 5, 
10, 17, 25, 26, 3V) . A useful source of historical material on the status of 
wo'men in New Zealand education up to 1969 is a thesis, by Cumming>7). In 
this comprehensve study, mention is made of mathematics in the curriculum 
as well as the supply of women mathematics teachers. Reference is made to 
official reports and other publications containing relevant material. 

It is hoped that thTs paper records all Of the more significant New 
Zealand projects currently, under, action or completed which have some con- 
cern with gender and mathematics. As can be seen, there has overall been 
little empirical research devoted entirely to any aspect; rather, results and 
information have been only part of other investigations. 

These projects are broadly categorised as follows: 

Students ta ki ng Mathematics 

„ For many years statistics have been .available from the Department of 
Education (8) regarding the number? of )boys and girls studying mathe- 
matics at each level and afso of their achievement in external examinations. 
It was not, however, until recent years that trends have receivecj any 
interested attention. The most. recent figures available are tabulated below: 





' Percentag 


e of Students TaKing 






• Full Hi 


athematics in 1980 








Male 


Female 

^ 


3 




99.0 


99.4 


4 




99.0 


99.4 


5 


(first year) 


90.6 


84.0 


5 


(other) 


62.8 


64.1 


6 




86.7 


65.5 


7 




76.6 ■ 


56.9 



Some data are also available for tertiary education. Females still tend 
to take Arts courses and males, Science courses. 



♦Numbers refer to items in the list of references. 
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* First Degree Courses taken by Internal Studen ts 

at Universities in New Zealand (1980) 



Male Female, 



Arts 3614 6918 

Science % " 3728 1749 

Engineering 1477 44 

* • » 
Degrees awarded reflect the same ration. 

A paper produced by the Research and Statistics pivision of the 
Department of Education (13) describes the relative participation rates of 
males and females, indicating that in the period from 1970 to 1979 the total * 
number of students taking mathematics in Forms 3 and 4 (junior secondary) 
remained the same (almost 300%). Mathematics is now the second most 
popular choice of subject in the School Certificate, a national middle school 
examination with most candidates aged about' 15 years. The greatest in- 
crease in numbers taking mathematics has been for girls in the Form 5 and 
6 levels; for example, 46% of fifth form girls in 1970 to 84% in 1980. De- 
spite the increases that have occurred, girls are still not as likely as boys 
to opt for mathematics in the sixth and seventh forms. 



fter ature Review , 3 « 

> In October 1979, the National. Consultative Committee on Mathematics 

*\ gavjs its support to a proposal by tfoe Committee on Women in Education for 
research on women and mathematics. The Research and Statistics Division 
of the Department of Education is currently undertaking research in this 
area. The paper mentioned above (13, 14) also examines overseas research 
on possible agents of variation such as attitudes, careers, types of school, 
home and school environment, socialising, sex typing, confidence, and per- 
ception of Mathematics, apd makes some comparison with the situation in 
New Zealand. It points out that at the primary level in New Zealand there 
appear to be no significant sex differences in the performance of mathe- 
matics. Yet at the higher secondary levels (Forms 6 and 7) fevygr. girls 
comparatively are to be found taking mathematics. This effectively c&ts off 
many possible job options for the girls who have not continued to take 
mathematics to a high enough level. 

..Atti tude s and Perf or mance 

In his 1950 publication, Murdoch (21) examines aspects of the content 
and methods of teaching mathematics in secondary schools in New Zealand. 
A brief section is devoted, to girls and mathematics. He writes: "To the 
best of my knowledge there is „ no psychological evidence that girls cannot 
do mathematics as well as boys; but there is much evidence to the con- 
trary. The subject may interest thern less or have less practical value for 
them . . . Social considerations further encourage superior performance by 
boys. ,r He observes that girls leave school earlier, and home life makes 
. * more demands on them. fc * 

One of the first theses devoted entirely to gender and mathematics is 
an investigation into sex differences in 1968 (16). Jelley questions »whether 
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boys a$ in fact superior to girls, in mathematical ability or whether the 
latter move away from the subject and from its associated occupations be- 
cause of cultural conditioning or sex role, learning. He was concerned with 

-the disproportionate female drop-out rate in mathematics established as early 
as the fourth form. In his findings, nq significant sex differences were 
found at the Tevels studied either in attainment or in altitude, but clear sex 
differences wer f e displayed in ideas about future occupations and continua- 
tion in mathematics. In his conclusions he states, "Murdoch's opinions that 
New Zealand girls have not been shown to b^less capable in mathematics 

'and that boys were more often encouraged into mathematics and science 
options, were substantiated." He also stresses the need for^ earlier and 
more fully jnformed school course and vocational guidance. 

* 

A -study by Clark of the attitudes of senior primary school children, 
towards mathematics was published in 1972 (6). Although the report was 
primarily concerned with the group as a whole, » she found no statistically 
significant sex differences in attitudes to mathematics. Overall, the results 
represented very favpurable attitudes ta mathematics. * 

At the University level a recent research project by Ngee was com- 
pleted on attitudes to mathematics (212). He considered two aspects of 
attitude, enjoyment and. usefulness, and two of mathematics, theory and 
application. Sex was taken as a variable,* as was year of study, and wheth- 
er' majoring or not majoring in mathematics. He found that first-year female 
students had a significantly more positive attitude to the enjoyment of the 
theory of mathematics than naales in the same class. His explanation was in 
terms of sex roles. This was the only sex-related result showing signifi- 
cant differences." 

In 1982 the Research and Statistics Division of - the Department of 
Education plans to undertake a survey of the whole sixth form .population to 
gauge attitudes to mathematics ,and find out why girls and boys do or do 
not continue mathematics after Form 5. Job intentions will also be related 
to the decision to take, or not take, mathematics. At present the question- 
naire is being piloted in selected schools. This has been preceded by a 
further pilot study, restricted to primary and intermediate schools,^ of pupil 
attitude to mathematics (12). Only 6 of the 39 statements showed statistic- 
ally significant sex differences for the whole sample. - Boys were more 
positive towards "I think I will need to use mathematics after I leave school" 
and "When I leave school I would like a job where you have to use snathe- 
matics.^ * 

Achievement in Mathematics 



Records have been kept of the comparative performances of girls and 
boys in external examinations (8) . The grades for pupils sitting School 
Certificate mathematics in 1980 were as follows: 



Gracle A 


B 


C 


D 




% 


% 


% 


% 




Females 5.1 


'15.9 


30.6 


48. 4 




Males 7.3 ' 


16.6 


29. 4 


46.7 





Little difference is indicated except that slightly more boys received an A. 



Although "an analysis of, a sample of the .1979 Bursary (seventh form) 
marks showed that the average marks for boys and girls were not too dis- 
similar, 37% for males and 55% for females in pure mathematics, this "com- 
parison can be misleading as a smaller prqportion of girls (60%) than: boys 
(87%) sat mathematics. Girls are hence a more highly selected group, 
indicating a possible wider difference in favour of boys. Further .analysis 
of the comparable performances of girls and boys is needed at this upper 
level. Is it possible that some of the potentially good female ma#iematicians 
have left school or do not continue with mathematics? ? 

Current research is being undertaken by Knight (18) as to why some 
students who show themselves .to be extremely ab|e in other areas find 
mathematics so difficult. This is a small-sample, clinical study but already 
there is evidence of sex-role expectation as a factor with, on the other 
hand, no evidence of differences in inherited ability between the sexes. 
Knight is unable to detect any difference in the ways in which mole and 
female subjects conceptualise mathematical ideas and procedures. 

Differences in the responses by males arid females to questions in' 
inter-school reference tests are the subject of another current investigation 
by Perrin (24). Results are showing some significant differences in a few 
areas, but causes have not yet been analysed. ' : * 

Rowe, in "an investigation into sex differences in arithmetic (27) , 
tested a sample of children in the age r$nge of 7.6 years to 8.5, years. He 
found no £ex differences in the accuracy of their responses, the speed of 
their responses, or in the levels of conceptual maturity used. 

Career s and Subject Cho ices 

The career choices of women is one aspect which is at present receiv- 
ing attention from a wide range of groups. Women are still concentrated in 
six occupational areas — clerical, typing, sales, clothing, nursing and teach- 
ing. The movement into non-traditional areas is slight and slow. Factors, 
which cause this are many, but one reason frequently isolated is ^hat girls 
do not continue with subjects such as mathematics, which is a key require- 
ment for wide number oT technical and scientific careers as well as neces- 
sary for other subjects at senior level (11). An analysis of occupational 
groupings which require school mathematics qualifications was undertaken 
by Mathew (19). She considers that "girls are getting the message: math 
is important 11 , and comments on the rise in the number of girls taking, 
mathematics at the fifth form but that the -trend is not so marked at the 
sixth form and at seventh form the proportion has declined. 

Typical is the statement, "Girls sViould be encouraged to continue 
studying mathematics and there should be a supplementary maths programme 
at 6t % h or 7th form level for both boys and girls" which is one of the recom- 
mendations from the recent Workshop for Women in Tertiary Education- 1 98.1 
(28). 

In the vocational guidance area there' is certainly a growing awareness 
of the need to give relevant advice and to encourage girls to take rnathe- 
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matics. A thesis 1970 (3) by Bunce analysed available statistical data of 
the differences in- subject choice of boys arid girls in New Zealand with^ 
reference to overseas research. Variables besides sex included year levels - 
and types of schools.. Using a questionnaire on a, pupil sample, she ex- • 
plored factors which could .contribute to subject choice — ability and achieve- 
ment, personality, career fchoice, sex roles, and the influence of home and v 
school. 

Sex Role Stereotyping in Text Books 9 • " 

A major -thrust of the feminist movement has been to examine and draw 
attention to factors which may pre-conditkJn the attitudes of girls and hence 
affect tlie fulfillment of their potential. Attitudes are influenced by in- 
numerable factors, including a books, especially text books which bear the 
stamp of offltial approval. In 1980 a survey was conducted by the Research 
and Statistics Division into the texts of three subject areas of which- mathe- 
matics was one (15). One reason ^for selecting mathematics was "since 
mathematics' is already often seen as a male domain, with proportionately 
fewer females studying mathematics as they progress through secondary 
school, it is important to find out whether mathematics text books reinforce 
this p re-conception. For equal opportunity to operate fully, material in 
texts should not favour* one sex more than the other* Six primary and 25 
secondary, text books, all written or adapted for use in New Zealand, were 
analysed. Six areas were examined and the following table gives the re- 
sults of fQur of these. % 



Area 



Primary Texts 
Males Females 



Secondary Texts 
Males Females 





% 


% _ 


h ' % 


% 


Roles and occupations 










. described (for males 










and female's) 


78 


22 


,30 


20 


< »• 










Activities of males and 










females described 


•51 


49 


63 


37 . 


Males and females in 










illustrations 


55 


45 


80 


20 


Famous people males 










and females mentioned 


94 


6 


94 


6 
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Numerous examples of sexism in the language used in the text books 
were encountered, such as the generic use of 'he' and 'man. 1 Overall there 
is strong evidence of a bias in favour of males, particularly in the second- 
ary text books. Women are both proportionately under-represented and 
confined to a narrow stereotyped range of occupations and activities. Later 
text books in the sample, however, do show some improvement and wom,en 
are now seen in more diverse roles. This is an area in which research has 
resulted in action. Present-day writers of mathematics text books and 
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examiners are now showing an .awareness of the problem and are sensitive 
• to the*'images they are promoting ' in their writing. How far this extends 
fnto classroom handling of texts and resources-*is not known. This report 
has received publicity in education journals and also has been reported in 
two daily' newspapers. - r . . 

Mathematics Teachers . ' 

the continued shortage of mathematics teachers ^over many years has 
prompted two surveys., •. • s / • ' \ . 

The first, -by Bull, is ah investigation into the qualifications and 
supply of mathematics teachers based on 'a survey conducted in -1456 (.2). 
This publication provides useful ' information and has been used as a base- 
Mine. Although in general sex of pupil and teacher was not a critical factor', 
included is relevant information such as that in girls' schools 46% of the 
Forms 3, 4, and'5 classes took full mathematics, compared with 80% in boys 
schools and 53% in mixed (co-educational) schools. No girls' schools offered 

additional mathematics. „ 
> 

The- second survey, into the provisions for teaching mathematics, was 
conducted in 1977. In a monograph Werry (29) summaries his findings, 
giving A comprehensive picture of mathematics , teaching, staffing, and pupil 
participation in secondary schools. Several areas in which he made a 
gender comparison include the numbers taking mathematics: Of the 72 
sampled schools 8-9% of the pupils study mathematics, but in the boys 
schools the mean is 94%, in girls schools 83%." About one-third of mathe- 
matics teachers are women, which he considers has sex role implications, 
and about one-third of those teaching mathematics irf girls' schools are men. 
Less than one-sixth of the holders of positions of responsibility are women, , 
\ indicating, that the chance of a woman gaining a position of responsibility in 
mathematics is one-half that for a man. 

The staffing of tertiary institutions also shows' an uneven and under- 
reoresentation of women.. In a discussion of the covert curriculum. Middle- 
ton examines the figures for 1980 (20). In the Universities 8% of the 
' lecturing staff in mathematics are women (compared with 10% for all staff),, 
in Primary Teachers Colleges 8% (compared to 25%), and in Secondary 
Teachers -Colleges 25% (compared to 30%f. In this latter case the actual- 
numbers are smalf. , • * 

Agents for Chang e , * , 

The New Zealand Mathematical Magazine reflected the quietly increasing 
consciousness of Women and Mathematics by devoting a recent issue directly, 
to this topic with all contributors female (23). Apart from articles on math- 
ematical topics, there were others centred on current issues such as ca- 
reers, sex-stereotyping, #and the disadvantages many girls have in reaching 
thqir full potential in mathematics. 

Conferences will always remain places where ideas are propounded, 
created, and disseminated. At the First Australasian Mathematics Conven- 
tion which was held at the University^ of Canterbury in May 1978, there 
were four sessions on women, mathematicians, one on Women and Mathe- 
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matics, and a panel discussion on the same topic, with some emphasis on 
equal 'opportunities for women at all levels. Attendance by ,a few New 
Zealanders at international conferences, in particular I.C.M.E. IV at 
Berkeley, has had a small but nonetheless far-reaching effect. 

Present Interest in the Topic , 

For the purpose of gauging a sectional interest, a' recent survey was 
made by Wily of all local Mathematical Associations and the New Zealand 
Mathematical Society (30). Two types of questionnaires were used, one 
general and the other for individuals. Only two, of eleven ' Associations had 
arranged for a speaker on the topic; otherwise no aspect had heer > planned 
as part of a meeting. Rarely' had aspects been raised at meetings, commit- 
tee or general, and only in two cases was concern expressed about any sex 
imbalance /elating to mathematics. Although participation of women had in- 
creased in. some associations, overall only about one-fifth of the present 
(fommittee members are women. 

Forty-eight females and seventy-nine males responded to the individual 
questionnaires. Females in general indicated a greater awareness and in- 
terest in the gender situation. Seventy percent of the females claimed to 
have personally observed differences in attitudes between male and female 
students and 59% had observed differences in self confidence. The figures 
for men responding to this section were 49% and 37%, respectively. Only 
36% acknowledged 3n awareness of sex-stereotyping in mathematics text 
books; of these, two-thirds of the females" and one-quarter of the males 
believed that this had an effect on the pupils. 

J ~ 

From the responses it is obvious that the topic is not generally an 
-issue among those involved in mathematics education," but about 40% of . the 
respondents made suggestions about areas in which action or further re- 
search should. be undertakeh. This may*well presage an upsurge of inter- 
est, research, and action. 
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Cender and Mathematics in the United States 

Joanne Rossi Becker 
Virginia Polytechnic Institute and State University 

, Blacksburg, Virginia ' , * 

Although Render has long been a variable of interest in the United 
States in research related to intellectual functioning • (see Maccoby # 1966; 
Maccoby and Jacklin, 1974), the most intense interest in it as it relates to 
mathematics has occurred in the last decade or so. The reasons for the 
current interest seem a to be several: the social milieu as influenced by the 
new feminist movement; increased government attention to and funding of 
sex equity in education; seminal work by researchers investigating sex dif- 
ferences in mathematics; and the efforts of many people within the mathe- 
matics education community to raise awareness of issues related to sex 
equity in mathematics. 

The influence of the feminist movement in the United States should not 
be underestimated. This movement has helped create the climate and bring 
pressures to bear which have caused recognition of the inequities of occupa- 
tional segregation in general in our society. At the same time it has helped 
raise the career aspirations and expectations of many women. Concern about 
occupational segregation has led to increased attention to all factors which 
contribute to that segregation, and mathematics has stood oCit as a major 
one. 

In this -climate federal laws have been passed which aim to increase the 
participation of women in all aspects of society. These include Title IX of 
the Education Amendments of 1972, which prohibits discrimination based on 
sex in any school system receiving federal funds; the sex equity amend- 
ments of 1976 to the Vocational Education Act, which address vocational 
programs specifically; and the Women's Educational Equity Act of 1974, 
which provides funds for tfye development of curricular materials designed 
to promote sex equity in education. During the same period, the federal 
government has funded a number of sex desegregation centers and sex 
equity training institutes around the country to help local school systems 
meet both the letter and the spirit of the new laws. And federal agencies 
such as the National Institute of Education and National Science Foundation 
have provided funding for research projects to study sex differences and to 
determine factors specifically related to the participation of women in mathe- 
matics. The availability of such funding has contributed to a more serious 
view of research related to gender and mathematics, and has helped legiti- 
mize it in the eyes of the research community. Thus, a more positive 
climate has been provided for researchers in mathematics education, soci- 
ology, and psychology to investigate reasons for the extreme occupational 
segregation we find in mathematics and related fields; Also, intervention 
programs* of various kinds have developed throughout the country to in- ~ 
crease the participation of women in mathematics. 

The seminal work of a number of people helped alert mathematics 
educators and the public at large to the importance of mathematics in the 
occupational segregation still extant, albeit improving, in the United States. 
To illustrate that segregation, census figures from 1978 (Bureau of the 
Census, 1980) show that 23% of computer specialists, 3% of engineers, 18% 
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of life and physical scientists, 10% of physicians, 3% of machinists and 1 0 
8f mechanics were women. In contrast, 71% of employed teachers (except 
college and university) and 93% of nurses were women. At a . time when 
women comprise 42% of the workforce in the U.S., these figures illustrate 
the continuing domination of technical careers by men. In an attempt to 
understand the continued concentration of women in a few job categories 
Lucy Sells (1 973) looked at the high school mathematics background of 
first-year ' students at the University of California-Berkeley. She found 
that 57% of the men but only 8% of the women had had sufficient mathe, 
matics to enter the calculus seqi/ence. At that time UC-Berkeley had no 
precalculus course, and calculus was required for most majors. Thus, bens 
identified mathematics at the high school level as the critical filter which 
effectively keeps many women out of those careers in which they are uncaer- 
represented in our society. 

Elizabeth Fennema (1974) was one of the first to question the then- 
prevailinq view that male superiority in mathematics achievement was almost 
always found (see, for example, Clennon and Callahan, 1 968) . Reviewing 
data available at that time, Fennema concluded that: no sex differences in 
mathematics achievement were found in the early elementary years;, differ- 
ences were not always apparent in upper elementary and early high school 
years, but when differences appear" they are more apt to be in boys favor 
for higher level cognitive tasks and in girls' favor for lower level cognitive 
tasks- and no conclusion could be reached concerning high school students. 
Thus' the whole area of sex differences in achievement in mathematics be- 
came an open*bne and research efforts in this direction, discussed below, 
increased. 

' The work of Sheila Tobias (1976, 1978) on mathematics anxiety must be 
mentioned for the broad national focus it brought to that issue and to 
avoidance of mathematics more generally. Her work reached the popular 
press, thereby bringing the whole area of gender and mathematics to the 
attention of lay people. 

These and many other researchers and activists were instrumental in 
making sex equity in mathematics an important focus at all levels of our 
educational system. Research has centered on trying to understand the 
reasons for the relatively small number of females who choose to study 
optional mathematics and pursue careers .in mathematics or related fields. 

With this background in mind, we can look at the empirical research 
itself A comprehensive review of the relevant research in- the U.S. is 
impossible to do in a short paper. The interested reader should see more 
extensive reviews (Fennema, 1975, 1977; Fox, 1977; Fox, Brody, and 
Tobin 1980; Jacobs, 1978; Sherman, 1 977) and specific research reports 
mentioned throughout this succinct report for more details. This report 
will try to give the reader an idea of the breadth of research which has 
been done and what the current state of our knowledge is. 

Theories as to why women opt out of mathematics may be put into two 
broad categories: biological and socio-cultural . The biological theories 
hold that sex differences in mathematics learning and course-taking are a 
result of ability differences, presumably genetic. These theories include 
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such factors as hormonal effects, X-linked inheritance of high potential in 
quantitative and spatial abilities, and brain lateralization. Sherman (1977), 
in an extensive review of the literature in this area, found that evidence 
foremost hypotheses was very weak. Earlier left cerebral dominance in 
females was the only hypothesis* with some support in data. Preference for 
verbal learning, reinforced by. the environment, may hamper use by females 
of the right hemisphere for spatial tasks involved in mathematical problem 
solving. Sherman recommended mbre research in this area. However, as 
she pointed out, differences between the sexes in intellectual functioning 
are small, and could not possibly explain by themselves the small number of 
women in mathematics-related fields. 

Socio-cultural theories also have been proposed to explain sex differ- 
ences in achievemento-in and study of mathematics. The socialization experi- 
ences of males and females may differ and result in differing attitudes 
toward mathematics and about one's abilities in it, thus affecting one's 
achievement. Before looking at research relevant to these theories, it is 
important to review the current knowledge concerning sex differences in 
achievement and participation in mathematics. 

Although there has been , an increase in the number of women studying 
optional mathematics in high school since thq initial Sells study (Armstrong, 
1980), there are still sex-related differences in electing to study mathe- 
matics (Brush, 1980; Fennema, 1980), particularly in college and beyond 
(Ernest, 1976; Skypek, 1980). Fennema (1980) hypothesized that sex 
differences in achievement resulted from this differential study of mathe- 
matics. 

• As Fennema has pointed out (Fennema, 1977), large-scale studies such 
as the 1972-73 National Assessment of Educational Progress, which found 
sex differences in favor of males,* did not control for course-taking. Be- 
cause males usually have studied more mathematics than females, these 
studies compared males and females with unequal mathematical background. 
In a careful study of over 2500 students in grades 6 through 12 from four 
high schools and their feeder middle schools, which controlled for course- 
taking in the upper grades (Fennema and Sherman, 1977, 1978; see also 
Sherman and. Fennema, 1977), Fennema and Sherman examined sex-related 
differences in achievement, spatial abilities, and affective factors. For stu- 
dents in grades 6 through 8, one of the four groups had females perform- 
ing better in computation; for a second group, males performed better than 
females on two higher-level cognitive variables. At the high school level, 
only two of the four schools had males performing significantly better, than 
females on the mathematics achievement test, but differences were small. 
Fennema and Sherman concluded that, when relevant factors are controlled, 
sex differences in favor of males do not appear often, and are s<.«all when 
they do occur. 

Armstrong (1980) analysed achievement data from the second National 
Assessment of Educational Progress in 1977-78 (which tested 24,000 each of 
13- and 17-year-olds) , and another large national sample (which included 
over 3,200 students of age 13 or in grade 12). Comparing -grade 12 or 
17-year-old males* and females with in level of participation in mathematics, 
Armstrong found a fairly consistent - pattern of males outperforming females 
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on problem-solving items, but few differences * occurring on lower-level 
items. For 13-year-olds, females did significantly better than males in com- 
putation. 

Thus, recent studies of achievement in mathematics, which do control 
for amount studied, do not consistently show sex differences in favor of 
males,' as had been presumed earlier. However, when sex differences do 
occur, they tend to favor males in higher-level cognitive skills, especially 
m the high scho'ol years, and females in computation in earlier years. 
These sex differences in problem solving merit furthar study. 

The Fennema-Sherman and * Armstrong studies also looked at the spatial 
abilities' of the subjects. Again, spatial ability was an intellectual function - 
presumed to show differences in favor of males starting in early adcFlescence 
(Maccoby and Jacklin, 1974). Although the relationship between mathe- 
matics learning and spatial ability is not clear, spatial representation is 
'certainly involved in mathematics, particularly geometry. In the Fennema- 
\ Sherman study, few sex-related differences in spatial-visualization ability 
were found*; the data did not Support the idea that differences in spatial 
ability explain sex differences in achievement, although the two were highly 
correlated. In the Armstrong study, no sex differences in spatial ability 
were found for grade 12; for 13-year-olds, females actually did significantly 
better on the spatial tasks. It seems that as tests and ^methodology im- 
prove, sex differences in spatial ability in favor of males are not appearing 
with the frequency and consistency found in earlier studies. « 

A large body of studies has investigated a variety of attitudinal and 
environmental factors which may be related to young women's participation 
and achievement in mathematics (see Fox, 1977). The patterns of findings 
suggest that socio-cultural factors are important in explaining sex differ- 
ences. However, the complex interaction of such factors with each other 
has not been sorted out, nor has their causal significance been determined. 
But there are several theories of how socialization may contribute to sex 
differences. Two major ones and supporting evidence will be discussed 
here. 

First, sex, typing of mathematics as a male domain may inhibit female 
achievement and interest in mathematics. Second, the cultural reinforce- 
ment hypothesis, which also assumes mathematics is sex-typed as .'male, 
holds that females receive tess encouragement from all aspects of society to 
achieve in mathematics as part of their sex-role socialization. Both of these 
theories would be consistent with sex differences in affective variables 
which have been identified. 

In the Fennema-Sherman study (1977), the only high school with two 
significant sex differences in cognitive factors also showed the highest 
number of sex differences in affective variables, such ^s confidence in 
learning mathematics and attitude toward . success in mathematics. In fact, 
covarying out the differences in affective measures eliminated sex differ- 
ences in mathematics achievement. 

Although males seem to sex type mathematics as male more than do 
females (Fennema and Sherman, 1977; Sherman and Fennema, 1977), other 
variables identified as critical to the choice of future mathematics courses 
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by females seem related to sex typing. One such variable is the perceived 
usefulness of mathematics (Armstrong, 1980; Fox, 1977; Haven, 1972; Hilton 
and Berglund, 1974; J-antz ahd Smith, 1980; Pedro, Wolleat, Fennema gnd 
Becker, 1981; Sherman and Fennema, 1977). Females tend to view mathe- 
matics as not useful to their future plans, and so do not persist in its 
study. The lack of role models and adequate career information may con- 
tribute to this view. - «» 

Another variable important to mathematics participation is confidence in 
one's ability to Mearn mathematics. Fennema, and Sherman (1978) found 
that, in grades 6 through 11; males were consistently more confident of 
their ability to do mathematics than females at equal achievement levels. 
Wolleat, Pedro, Becker, and Fennema (1980) found that females at all 
achievement levels more strongly attribute their success in mathematics to 
effort, not ability, but attribute failure to lack of ability; for males, the 
situation is reversed. Thus females feel less in control of their mathematics 
learning, and are not apt to persist m its study. 

The r*ole of "significant others," those, such as parents, teachers, 
counselors, who may influence the course and career choice of students, 
also has been identified as an important one (Lantz and Smith, 1980). 
Parents of gifted girls (Brody and Fox, 1980) were less likely to view a 
mathematics/science career as appropriate for their child than parents of 
gifted boys. Haven (1972) and Casserly (1979) found that counselors pro- 
vided no encouragement and/or actually discouraged females from taking 
advanced - mathematics courses. Supportive teachers were pinpointed by 
^Casserly as important in female enrollment in advanced courses. However, 
the mathematics classroom environments experienced by males and females 
may differ in ways which would discourage females and reinforce sex-typing 
of mathematics as male (Bean, 1976; Becker, 1981; Stallings, 1979). 

These and other socio-cultural factors acting together may exert a 
powerful influence on the academic choices students make. How they may 
cause sex differences in participation and achievement is not yet under- 
stood, but that they are important seems clear. 

Deep concern about the unequal participation of women in the study of 
mathematics and the resultant diminished opportunities for women to partici- 
pate in all aspects of U.S. society engendered much of the research dis- 
cussed above. The knowledge, although still incomplete, gained from these 
research studies has been used to design intervention programs across the 
country to increase the study of mathematics and science by women. In 
particular, identified socio-cultural factors have been targeted in career 
workshops which use role models to interest young women in careers in 
mathematics and science (e.g., Liff, 1978); in accelerative programs for 
mathematically gifted girls (Brody and Fox, 1980); in inservice teacher- 
training workshops to sensitize teachers to the role they play in providing 
sex equity (Kaseberg, Kreinberg, and Downie, 1980; Fennema, Wolleat, 
Pedro, and Becker, -1981); and' in mathematics anxiety reduction workshops 
and courses in colleges to help students who have avoided mathematics 
(Afflack, 1978; Lark, 1980; MacDonald, 1980). National groups, such as 
the Association for Women in Mathematics, and Women arid Mathematics 
Education, provide support for efforts to increase the number of women in 
-mathematics. One perceives increased interest and activity down to the 
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Jocal school leveP in the past few years. Both scholarly research to answer 
still-puzzling questions concerning sex differences in achievement and 
participation in mathematics, and careful design and evaluation of interven- 
tion programs to provide equal opportunities in mathematics, will continue to 
command attention. Hopefully, action on both fronts will serve to promote 
change and ensure that sex equity in mathematics moves from a worthy goal 
of society to a reality. 
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The following set of references on ' gender and mathematics has been, 
selected primarily from the articles and d6cuments published in the coun- 
tries participating in this review. Some of . the references are cited in the 
reports from individual countries; additional resources were selected frorji 
our files. The intent was to provide a set of references which might be of 
help to those pursuing the topic. They include background papers, re- 
search reports, project information, and teaching suggestions. 

Not unexpectedly, many of the articles and documents were published 
in the United States. Obviously, the authors of this Hst have more access 
to material^ from the U.S.A., and the Educational Resources Information 
Center (ERIC) provides a computer base of documents which aids in the 
compilation of references. Moreover, there are numerous publishing out- 
lets, and the topic, *s % Becker notes, has been of -widespread concern in 
the U.S.A.: thus, articles are 0 readily accepted for^ publication. We. hope, 
however, that the references will prove useful* to those in many countries, 
for we have attempted to delete those which seemed to be exclusively re- 
gional in nature. 
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